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Variations in the mature antheridium of the Characeae: 
A descriptive study in morphogenesis 


J. S. KARLING 
(WITH THIRTEEN TEXT FIGURES AND PLATES 10-14) 


In method of development and symmetry the Characeae are 
perhaps the most diagrammatic of any organism, plant or animal. 
It is not merely that their radial and metameric organization 
results in the well proportioned chandelier-like form, which was 
noticed by the earliest students of this group, but their cellular 
make-up is so simple as to at once suggest the possibility of 
mathematical analysis. Since the time of Schleiden (1842) and 
Nageli (1845, 1845, 1860), when it was hoped that the growth and 
development of plants could be represented by mathematical 
formulae representing the number and order of succession of the 
divisions of an apical cell, the Characeae have served as classical 
examples of diagrammatic regularity of growth and development. 
According to Giesenhagen (1896, 1897, 1898), Ernst (1904), 
Kuczewski (1906), Witt (1906), Miiller (1907), Nonweiler (1907) 
and Sluiter (1910) the number and order of succession of the 
divisions of the apical cell of the Characeae is so regular and un- 
varying that the development of the whole apical end of the 
plant, leaves, stipule crown, cortications and side branches may 
be represented by mathematical formulae. 

By reason of its position on the plant and the fact that in 
Nitella the terminal cell of the leaf becomes the antheridium, 
while in Chara it is developed from the cell which otherwise gives 
rise to the leaflet, the antheridium of the Characeae has been 
regarded as morphologically equivalent to the end cell of a leaf 
or leaflet. Celakovsky (1878), Sachs (1882), Ernst (1901) and 
Goebel (1902, 1918) consider the antheridium as a metamor- 
phosed terminal segment of a leaf. Moreover, since capitula and 
antheridial filaments are often formed within oogonia in N. 
syncarpa, and vegetative branches may be formed from the basal 
cell instead of antheridia and oogonia, antheridia in place of 
oogonia or vice versa, and vegetative branches within oogonia 
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in C. foetida, Ernst and Goebel regard the antheridium and 
oogonium as homologous structures which may be readily modi- 
fied by environment. Goebel further suggests that the first 
division of the antheridium may correspond to the first divisions 
of a vegetative organ, with the exception that the cells which 
grow out to form the leaflet remain together. In connection with 
a study of nuclear and cell division in the Characeae I have had 
frequent occasion to observe a number of striking variations in 
the structure of the antheridium from the more usual and regular 
condition described by Meyen (1827, 1839), Varley (1849), Braun 
(1853) and Sachs (1882). The explanations of these deviations 
in the structure of the antheridium is not obvious, but a broad 
descriptive and comparative study of the facts of variation may 
lead to a clearer understanding of the morphogenetic problems 
presented by this group of plants. 

According to Meyen (1827), Braun (1853) and Sachs (1882) 
the mature antheridium of the Characeae usually consists of 
eight outer shield cells, eight manubria, eight primary capitula, 
forty-eight secondary capitula, and four antheridial filaments 
borne on each of the latter. The variations which I have ob- 
served may be classified for the sake of convenience into eight 
groups, which will be considered in the following order: (1) 
Development of tertiary and quaternary capitula; (2) Variations 
in the size and number of primary capitula and manubria; (3) 
Branching of antheridial filaments; (4) Irregular partitioning of 
antheridial filaments; (5) Variations in the size of cells and nuclei 
of antheridial filaments; (6) Variations in the number of an- 
theridial filaments borne on the capitula; (7) Variations in the 
number of cells in the antheridial filaments, and (8) Budding of 
manubria and capitula. 

This study was made on freshly mounted and dissected 
antheridia of N. fexilis Ag., N. gracilis (Smith) Ag., N. batrach- 
osperma (Reichenb.) A. Braun, C. coronata (Ziz.) f. maxima, C. 
coronata (Ziz.) f. Schweinitzii, C. fragilis (Desv.), C. baltica (Fries) 
Wahlstedt, C. contraria A. Braun, C. zeylanica (Will.). C. deli- 
catula (Agardh), C. vulgaris L. and Lamprothamnus alopercoides 
(Del.) A. Braun, stained intra vitam with aceto-carmine, made up 
according to the formula used by Belling (1921). In each species, 
with the exception of L. alopercoides, antheridia from plants 
growing in the laboratory were compared with antheridia from 
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plants in the field to determine whether or not the variations 
might be the result of differences in environment. Single an- 
theridia were mounted and dissected each time in order to note 
the number and different types of variations in each antheridium 
examined. 

The method of preparing the aceto-carmine preparations was 
as follows: After removing the antheridia from the plant and 
mounting in a drop of aceto-carmine, the shield cells were peeled 
off with fine steel needles, exposing the manubria, capitula and 
antheridial filaments. The antheridial filaments and capitula 
were then carefully separated under the low power of the micro- 
scope with as little injury as possible. As soon as the cover glass 
was added the mount was ready for study. This method has a 
decided advantage over the study of the same problem from fixed 
and sectioned material, since the antheridial filaments are so 
closely coiled and twisted about in the mature antheridium that 
it is almost impossible to follow with certainty the course of 
several or even a single filament in serial sections. By the aceto- 
carmine method described it is possible to separate single entire 
filaments and capitula, and the pressure of the cover glass when 
added is sufficient to bring them into the same focal plane where 
they may be photographed with readiness. Moreover, as pointed 
out in a previous paper (1926) the aceto-carmine does not essenti- 
ally modify the cell organs except to cause a slight swelling, and 
so brings out their elements in greater detail and sharpness. The 
photographs of these aceto-carmine preparations shown in plates 
10 to 14 leave much to be desired, but their clearness is, none the 
less sufficient to bring out the morphological and cytological de- 
tails of these variations. 


TERTIARY AND QUARTERNARY CAPITULA 


Each manubrium, according to Meyen, Braun, and Sachs, 
usually bears one primary capitulum on which are generally de- 
veloped six secondary capitula. These secondary capitula in turn 
bear more or less regularly four antheridial filaments. I have 
frequently observed that in addition to antheridial filaments the 
secondary capitula may bear other capitula-like cells, which in 
turn bear antheridial filaments also. These cells are essentially 
like the secondary capitula in structure and function, and since 
they are borne on the latter they may very well be classed, it 
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seems to me, as /fertiary capitula. Figure 1 shows a secondary 
capitulum, bearing three antheridial filaments, 7, 2, and 3, and 
one tertiary capitulum 6, which in turn bears two filaments, 4 
and 5. Asimilar case is shown in figure 4 in which the secondary 
capitulum, bears three and the tertiary capitulum two antheridial 
filaments. In figures 5 and 6 the secondary and tertiary capitula, 
a and b respectively, each bear four filaments. It is to be noted 
that in all these figures the tertiary capitula are considerably 
smaller than the secondary capitula and do not exceed much in 
diameter the antheridial filaments which they bear. 

Figure 2 is exceptionally good in that it shows the capitula 
and antheridial filaments in relation to the manubrium. In this 
figure the manubrium is shown with one primary capitulum, a, 
a secondary capitulum, 0, and two tertiary capitula, c and c.' In 
dissecting the antheridium in this case the secondary capitulum 
was torn partly loose from the primary capitulum. The primary 
capitulum bears one antheridial filament, number 9, and the 
secondary capitulum three filaments, numbers 6, 7, and 8. The 
tertiary capitulum c' developed one filament, which after a short 
period of growth formed three branches; while the second tertiary 
capitulum c bears five filaments, numbered consecutively. Thus, 
the secondary capitulum with the aid of two tertiary capitula 
bears eleven antheridial filaments. Figure 3 shows a large 
secondary capitulum with three tertiary capitula, in addition to 
two antheridial filaments, one of which has been torn off near 
the base. In N. flexilis | have observed as many as four tertiary 
capitula on one secondary capitulum. 

Like the secondary capitula, the tertiary capitula may also 
bear other capitula on which antheridial filaments are borne. I 
have called this fourth series of cells quaternary capitula. Figure 
74, shows a secondary capitulum, /, bearing two tertiary capitula, 
one of which is obscured by the antheridial filaments. The other 
secondary capitulum, 2, bears three filaments and one quaternary 
capitulum, 3, which in turn bears two antheridial filaments. The 
quaternary capitulum is partly obscured by one of the filaments 
from the tertiary capitulum, but the photograph is sufficiently 
clear to show that it is borne on the secondary capitulum. The 
diameter of the quaternary capitulum is only slightly greater 
than that of the antheridial filaments which it bears. 

Wallroth (1815), Meyen (1827 and 1839). Fritsche (1827), 
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Kiitzing (1843), Varley (1849), Sachs (1882), and Small (1921) 
figure cells borne on the secondary capitula that correspond in 
every respect to the cells which I have called tertiary capitula. 
None of these investigators with the exception of Small, however, 
recognize these cells specifically as such, and Sachs whose figures 
are copied extensively in text-books, states definitely, p. 301, 
that the whip-like antheridial filaments are borne on secondary 
capitula. In text-figures 1 to 5 I have reproduced Fritsche’s 
(1837, fig. 8, pl. 2), Meyen’s (1839, fig. 17, pl. 12), Kiitzing’s 
(1843, fig. 12, pl. 38), Varley’s-(1849, fig. 31, pl. 21), and Sachs’ 
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Text-figure 1. Fritzsche’s figure 8, plate 2. a, Manubrium; b, primary 
capitula; c, secondary capitula; d, tertiary capitulum. 

Text-figure 2. Meyen’s figure 17, plate 12. 1, 2, 3 and 4, secondary 
capitula; a, tertiary capitulum. 

Text-figure 3. Kiitzing’s figure 12, plate 38. a, manubrium; b, primary 
capitula; c, secondary capitula; d, tertiary capitula; f, branched filament. 


(1882, fig. 198B) drawings showing the arrangement and manner 
in which the capitula and antheridial filaments are borne. 
Fritsche’s figure 8, plate 2, reproduced in text-figure 1, shows 
a primary capitulum, }, with four secondary capitula, c, one of 
which bears a tertiary capitulum. Text-figure 2 shows Meyen’s 
(1839) figure 17, plate 12, in which the large primary capitulum 
bears four secondary capitula, numbered consecutively, one of 
which, 3, has developed a tertiary capitulum. In text-figure 3, 
is shown Kiitzing’s figure 12, plate 30, in which he shows a manu- 
brium, a, with two primary capitula, 6, on which are borne five 
secondary capitula. One of the secondary capitula bears three, 
while another bears one tertiary capitulum. Text-figure 4 shows 
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figure 31, plate 21, by Varley in which the secondary capitulum, 
b, bears a tertiary capitulum, ¢, and one antheridial filament. 
Sachs’ figure 198B is shown in text-figure 5. The secondary 
capitula numbered 1, 3, and 4 each bear two tertiary capitula. 
Small (1921), figure 934, shows quaternary as well as tertiary 
capitula in C. fragilis. 

In addition to being borne on quaternary, tertiary, and 
secondary capitula the antheridial filaments may sometimes 
arise directly from the primary capitulum. I have observed this 





Text-figure 4. Varley’s figure 31, plate 21. b, secondary capitulum; 
c, tertiary capitulum. 

Text-figure 5. Sachs’ figure 198B. 17, 2, 3, 4, and 5, secondary capitula. 

Text-figure 6. Two antheridial filaments, R and R, of C. fragilis directly 
attached to the primary capitulum whose bases are irregularly partitioned. 
C, a filament consisting of a single cell; T, a short irregularly divided filament. 


in Nitella, Chara, and Lamprothamnus. Figure 7 shows a manu- 
brium of C. delicatula with two primary capitula, one of which 
bears an antheridial filament. A similar case from N. flexilis is 
shown in figure 9 in which the primary capitulum, a, bears two 
filaments. Figure 13 shows a capitulum 6 with one filament, 
which I have dissected loose from the manubrium, a, on which it 
was borne. As is shown in figure 21, the primary capitulum in L. 
alopercoides may also give rise to antheridial filaments directly. 
In regard to the question as to the number of cell generations 
between manubrium and antheridial filament differences in ob- 
servation exist in the literature today. Wallroth (1815) in figure 
4, pl. 5, shows antheridial filaments borne on cells whose relative 
positions suggest that they may be secondary and tertiary capi- 
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tula. Kaulfuss (1825) describes the filaments as being frequently 
borne on the manubria, and in figures 4C and 5 D Agardh (1826) 
figures the antheridial filaments arising directly from the manu- 
brium. Two years later Bischoff (1828, fig. 31, pl. 2) shows a 
manubrium with a primary capitulum bearing two secondary 
capitula, on each of which are borne four antheridial filaments. 
Again in the same year, Schultz (1828) shows the filaments 
(figure 3, plate 3) arising directly from the manubrium. Thuret 





Text-figure 7. A manubrium of C. fragilis with two primary capitula, 
a and b, which bear antheridial filaments, 7, 2, 3, and 4, directly. The sec- 
ondary capitulum c bears four antheridial filaments and one tertiary capi- 
tulum. 

Text-figure 8. A manubrium of N. flexilis with one primary capitulum, 
four secondary capitula, five tertiary capitula and two quaternary capitula, 
I and 2. 

Text-figure 9. A branched antheridial filament of N. flexilis. 


(1840, fig. 6, pl. 5, and 1851 fig. 5, plate 8) much later figures and 
describes the filaments arising from the primary capitula without 
the development of the secondary capitula. However, he de- 
scribes and figures a cellular mass in the center of the antheridium 
which possibly may have been a group of secondary capitula. 

In most text-books of botany there are likewise conflicting 
reports on the manner in which the antheridial filaments are 
borne. Schenk (1882), Warming (1890), Strasburger (1895, 2 ed. 
and 1908, 3rd Eng. ed.), Vines (1898) and Van Tieghem (5th ed.) 
as late as 1918 figure and describe the antheridial filaments aris- 
ing from the primary capitula, without the development of 
secondary or tertiary capitula. Sachs (1882), Campbell (1907), 
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and Small (1921) figure the antheridial filaments arising generally 
from the secondary capitula, and in the fifth English edition of 
Strasburger’s text-book the filaments are likewise described as 
being borne on the secondary capitula. Campbell (figure g1A) 
shows that the filaments may be borne on the primary capitulum 
as well as on secondary capitula, and in figure 934 Small describes 
the development of filaments on tertiary and quaternary capitula. 
Conflicting as these reports may seem, most of them are, never- 
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Text-figure 10-10b. Manubria from an antheridium of N. flexilis. 

Text-figure 11. Drawing of a portion of figure 26 showing the flat paren- 
chyma-like layer of cells at the base of five antheridial filaments. 

Text-figure 12. Kiitzing’s figure 12f, plate 38. b, primary capitulum; 
c, secondary capitula; d, tertiary capitula; f, branched filament. 

Text-figure 13. A constricted manubrium of C. baltica with a round 
nucleus in each cell. This manubrium bears two primary capitula and is 
filled with green plastids. 


theless, correct. As is shown in plates 1 to 4 of my preparations, 
antheridial filaments may arise from primary, secondary, 
tertiary and quaternary capitula, but the majority of filaments 
in an antheridium are borne on secondary capitula. In none of 
the species examined have I observed filaments borne on man- 
ubria. 

A number of preparations have been obtained in which the 
secondary capitulum was apparently partitioned into a number 
of smaller cells, similar to the cells of the antheridial filaments, 
and this, it seems to me, is a modification of the cases described 
above where the antheridial filaments were borne directly on the 
primary capitula. Figure 11 shows a primary capitulum with 
two secondary capitula, one of which a, appears to be partitioned 
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into a number of small cells. This photograph is not very clear 
and leaves much to be desired, but the presence of the dark 
nuclei indicates several cells in this secondary capitulum. The 
other secondary capitulum in this figure bears only one filament, 
almost equal in diameter to the capitulum, and it is obvious that 
if such a capitulum were partitioned transversely it would have 
the appearance of a filament borne directly on the primary capi- 
tulum. A similar partitioning of the secondary capitulum is 
shown in figure 81. The secondary capitulum here shown has 
evidently been divided up into 11 cells somewhat unequal in size. 
Whether this is a secondary capitulum or not cannot be regarded 
as proven, and it is possible that it may be nothing but an anther- 
idial filament borne directly on the primary capitulum whose 
base is enlarged :nd irregularly partitioned. A number of similar 
cases are shown in the filaments designated R and R, and 1, 2, 3, 
and 4 in text-figures 6 and 7 in which the bases of filaments aris- 
ing directly from the primary capitula are much enlarged and 
irregularly partitioned, and it is very questionable in these cases 
whether or not the enlarged bases are irregularly partitioned 
secondary capitula. 


VARIATIONS IN NUMBER AND SIZE OF THE PRIMARY CAPITULA 
AND MANUBRIA 


According to Meyen (1839), Kiitzing (1843), Thuret (1851), 
Braun (1853), Sachs (1882), Schenk (1882) and Filarszky (1893) 
each manubrium usually bears one primary capitulum at its 
apex, thus making eight altogether in the mature antheridium. 
In a number of carefully dissected antheridia I have observed 
more than eight large cells directly attached to the manubria 
which were more or less equal in size and shape to primary capi- 
tula. As is shown in tables 1, 2, and 3 of C. delicatula, N. flexilis 
and L. alopercoides the number of primary capitula in an anther- 
idium may be as high as 17, 16, and 14 respectively. Whether all 
of these cells are primary capitula is not certain, since in the 
mature antheridia some of the secondary capitula are almost as 
large as the primary capitula. In such cases it is difficult to 
distinguish between small primary capitula and large secondary 
capitula. However, in the counts in tables 1, 2 and 3 I have tried 
to eliminate questionable cells as much as possible. 

Figure 7 shows two cells of almost equal size attached to one 
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manubrium which appear to be primary capitula, and in figure 10 
is shown two similar capitula which were carefully dissected loose 
from the same manubrium. The capitulum a bears a secondary 
capitulum, 5, while the other capitulum bears two antheridial 
filaments. There is a possibility that capitulum, a', is a large 
secondary capitulum, but the great difference in size between it 
and the secondary capitulum, labeled 6, makes this view seem 
improbable. The similarity in size and shape of the pairs of 
primary capitula shown in figures 7 and 10 suggests that they may 
possibly have arisen as a result of an equal division of the inner 
cell in the young antheridium which develops into primary 
capitula. Figure 14 shows a manubrium with six capitula 
attached to each other in a group, and their size and shape is so 
similar that it is impossible to determine whether or not any of 
them are enlarged secondary capitula. Frequently, when the 
mature antheridium is dissected, the primary capitula remain 
together in groups of 2, 3, 4, 5, 6, 7, and 8, or, on the other hand, 
remain as a group with one manubrium. One is led from this to 
suspect that figure 14 represents a case where 6 of the eight 
primary capitula have remained together as a group with one of 
the manubria. Such is not the case, however, since figure 14 is 
taken from antheridium number 10L in table 1 of C. delicatula 
which had 17 primary capitula. Figures 7 and 10 were taken 
from antheridia in which 11 and 13 primary capitula were 
counted. 

In figure 16 is shown an unusual arrangement of capitula 
which is difficult to interpret. Borne on the apex of the man- 
ubrium, a, is a very large cell, b, from which apparently arise four 
antheridial filaments. The suggestion of a nucleus at e and the 
vague outlines of a cell wall around it, on the other hand, gives 
the impression that the filaments arise from a secondary capit- 
ulum behind the large cell 6. On the top of this cell is another 
capitulum c, whose diameter is almost equal to that of the man- 
ubrium. The cell marked d is likewise unusually large. The 
relative positions of cells b and c suggest that they may be sec- 
ondary and tertiary capitula. However, as noted before, these 
two cells are almost equal in diameter to the manubrium. 

Figure 7 of my preparations is somewhat similar to figure 12, 
plate 38, by Kiitzing, in which he shows a manubrium with two 
primary capitula. As mentioned before, Braun (p. 59) also 
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describes a variation in C. fragilis in which manubria bore twoand 
three primary capitula. In N. syncarpa, Ernst (1901) describes 
a number of cases of what he terms pseudo-hermaphroditic 
plants in which capitula and antheridial filaments are developed 
in the oogonium, and in figure 33, plate 3, he shows a group of six 
cells which he calls manubria, primary and secondary capitula. 
The secondary capitula in this figure are considerably larger 
than the primary capitula, and the group of cells as a whole have 
an appearance somewhat as shown in figures 18 and 19 of my 
preparations. 

An unusually good illustration of how the number of primary 
capitula is increased is shown in figure 18. The manubrium in 
this figure bears primary capitula at two points instead of only at 
its apex as in figures 2, 9, and 52. This figure was taken from an 
antheridium of C. delicatula in which were found 16 primary 
capitula. In this figure may be seen six large cells that have the 
characteristic appearance of primary capitula. Capitula numbers 
3 and 6 are unquestionably attached to the manubrium and 
numbers 1 and 4 look as if they might have arisen from two 
divisions of capitulum number 3. The positions of numbers 2 
and 5 suggest possibly their origin from capitulum number 4. 
However, as noted in figures 7, 10, and 14, these extra primary 
capitula may possibly be enlarged secondary and tertiary capi- 
tula; yet the contrast in size between the normal secondary 
capitulum at a and these extra primary capitula is so great that 
it is hard to conceive of their being the same. Nevertheless, there 
is no question but what the cells numbered 3 and 6 are primary 
capitula, and that the development of cells at more than one 
point on the manubrium leads to an increase in the number of 
primary capitula above the number eight. Figure 19 shows 
another manubrium with two large primary capitula directly 
attached to it, and two other equally large cells which appear as 
if they may have subsequently arisen from capitulum number 3. 

The manubria are similarly subject to variations in size and 
number. The usual number of manubria in the antheridium is 
eight, but I have observed a few cases in C. delicatula in which 
the number was increased to 11 and 12 as is shown in table 1. 
Such variations are very scarce, and I have observed only four 
antheridia in which this had occurred. The origin of these extra 
manubria probably occurs in the 16 and 24 cell stage of the 
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antheridium. I have observed a few antheridia in these stages 
in which the outer cell, which subsequently becomes the shield 
cell, was undergoing division even after the middle and inner cells 
were fully formed. The result of this division would naturally 
result in the formation of another cell which if it continued to 
grow, probably would become a manubrium. 

The size and shape of the manubria vary considerably in the 
same species. Figures 2, 7, 9, 13, 19, and 52 show the usual and 
more regular shape of the manubrium in C. delicatula. In these 
figures the manubrium is fairly broad at the base, bulges to a 
slightly greater diameter in the middle, and then tapers gradually 
to the apex. Figure 18, on the other hand, shows a manubrium 
almost as large in diameter at the apex as it is long. The base of 
the manubrium in this figure is obviously less in diameter than 
the apex. The opposite condition is shown in figure 65 of a man- 
ubrium which is fully as broad at the base as it is long. Similar 
to the one shown in figure 18, this manubrium bore primary 
capitula at two points, but unfortunately the primary capitulum 
which was attached at g was torn away. Figure 60 shows an- 
other manubrium that is almost oval in shape. Capitula were 
probably attached at g. Text-figure 10-10b shows the variations 
in size and shape of manubria from an antheridium of N. flexilis. 
In this particular antheridium was found a monster manubrium, 
10, with an enlarged base, five normal, 1ob, and two small manu- 
bria, 10a. The two small atrophied manubria bore no capitula 
or antheridial filaments. 

In several mature antheridia of C. delicatula | have observed 
constricted manubria. Figures 53, 54, and 64 show successive 
stages of constriction. In figure 54 is shown a manubrium in 
which the constriction furrow is fully half formed through the 
cell, and in figure 54 the constriction is almost completed. Figure 
64 shows a manubrium in which the constriction is complete, and 
two cells have been produced. The smaller cell a was still 
attached to the larger cell 6 after the mount was made, but by a 
very light dissection the cells separated easily. 

I have found these constricted and divided manubria only 
in mature antheridia and am at a loss to know at what stage in 
the growth of the manubrium constriction begins. The manubria 
shown in figures 53 and 54 were mature and old, and it is doubt- 
ful whether constriction in these particular cells would have 
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progressed further. I have likewise been unable to determine 
whether the constriction of the cell is accompanied by constric- 
tion and division of the nucleus. As is shown by Meyen (1839, 
fig. 17, pl. 12) the manubrium may be multi-nucleate as a result 
of amitotic divisions, and it would be particularly worth while to 
determine the distribution and perhaps the division of the nucleus 
or the nuclei as the manubrium constricts. This is very difficult 
to observe in manubria such as are shown in figures 53, 54, and 64 
since at this mature stage the dense brown granules resulting 
from degenerating plastids almost completely obscure the nuclei. 
However, in text-figure 13 is shown a completely constricted 
manubrium with a globular nucleus in each cell, but it is not 
evident whether these nuclei resulted from constriction at the 
time when the manubrium divided or whether amitosis had 
occurred previously. This latter view is plausible since the 
manubrium may often be multinucleate, and at the time of 
division of the manubrium a single nucleus was included in each 
cell. In none of the constricted manubria found, have I observed 
capitula and antheridial filaments developed on both of the cells. 


BRANCHING ANTHERIDIAL FILAMENTS 


Branching of the antheridial filaments is common to all three 
of the genera examined. A single filament may branch once, 
twice, or several times. Figure 22 shows a short branch borne at 
right angles to the main filament, and in figure 27 is shown a 
filament that has branched dichotomously twice. The filament 
shown in figure 28 has apparently branched dichotomously 
three times. The nuclei in these filaments are elongating and 
becoming somewhat crescent-shaped, preparatory to the forma- 
tion of antherozoids. In figure 27 the branches arise at angles of 
approximately forty-five degrees. Often several branches may 
arise in the same region of the filament as is shown in figures 
24, 25, and 26. Figures 25 and 26 show four and five branches 
which originated in approximately the same region of the fila- 
ment. The region in figure 26, where these branches appear to 
originate resembles a broad, flat layer of parenchyma, one cell 
in thickness. With the view of bringing out in greater detail the 
cells and their space relation to each other, I have made a text- 
figure of a portion of this photograph. Text-figure 11 shows the 
irregularly partitioned region where the branches merge, and the 
suggestion of a typical parenchyma is very obvious in this region. 
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The secondary and tertiary capitula often bear only one 
antheridial filament whose diameter may be as large as that of 
the capitulum. After a certain period of growth and division 
this single filament may branch. Figure 23 shows a secondary 
capitulum a, with one antheridial filament, which after growing 
a short distance branched dichotomously. The secondary capit- 
ulum in the figure was slightly injured in mounting, and con- 
sequently, has collapsed. Figure 24 shows another secondary 
capitulum with one filament which has branched three times, 
and in the region marked a there is a suggestion of another branch 
that started to develop. The filament is bulged out in this region 
by the presence of three more or less triangularly shaped cells. 
It is to be noted in figures 23 and 24 as well as in the capitulum 
c' in figure 2 and number 2 in figure 3, that the diameters of the 
single filaments before branching are as large as that of the 
secondary and tertiary capitula, on which they are borne. The 
branches however are only slightly less in diameter than the 
main filament. Figure 32 shows a secondary capitulum with 
four antheridial filaments, one of which a, after growing a short 
distance, developed three branches. In figure 31 is shown another 
secondary capitulum with four filaments. One of the filaments 
however has developed a branch at its base and in the opposite 
direction from its apex. 

The most unusual and highly branched antheridial filament 
found is shown in text-figure 9, from an antheridium of N. 
flexilis growing in Red Brook, Scarboro, Maine. The secondary 
capitulum in this figure bears a single filament which has 
branched at five different places, forming a typical tree-like struc- 
ture. 

Kiitzing (1843) has figured branching filaments in C. pusilla, 
and in text-figure 12, I have reproduced his figure 12f, plate 38. 
In this figure the primary capitulum, 6, bears three secondary 
capitula c, and one tertiary capitulum d. Filaments e and f after 
a short period of growth, branched dichotomously. In his de- 
scription of the antheridial filaments Lindley (1853) remarks 
(p. 27), ‘I once thought I saw them forked.”’ In figure 1, plate 
9, Thuret (1851) shows a capitulum with three filaments that 
resembles figure 24 of my preparations. The capitulum shown 
by Thuret evidently developed a single filament which immedi- 
ately branched, forming three filaments. This figure, however, 
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is not sufficiently clear to determine with certainty what has 
happened, but its close resemblance to figures 23 and 25 suggests 
that he had likewise found branching filaments. 


IRREGULAR PARTITIONING OF ANTHERIDIAL FILAMENTS 


The usual structure of the antheridial filament is that of an 
elongated cylinder partitioned at regular intervals with cross 
walls at right angles to the long axis of the filament. I have fre- 
quently observed variations of this structure in which the anther- 
idal filaments were partitioned in almost every conceivable 
manner. Figure 33 shows a short thick branch on a filament in 
which the cell walls are apparently parallel, diagonal, as well as 
transverse to the long axis of the branch. The hyaline walls in 
aceto-carmine preparations often fail to show in the micro- 
photographs, and some of the cells in figure 33 appear as if they 
were multinucleate. However each nucleus in this figure lies in a 
separate cell. The two nuclei in the apex are separated by a wall 
parallel to the long axis of the branch, and a diagonal wall 
separates the two nuclei lying below. In the region where the 
branch is attached to the main filament may be seen four nuclei, 
two of which lie somewhat beneath the focal plane. The presence 
of these nuclei suggest in cross section four cells in tetrad arrange- 
ment. A clear and sharp wall is visible between the two nuclei 
that lie in focus. A somewhat similar filament is shown in figure 
84. The secondary capitulum in this figure bears two filaments, 
one of which is very short and thick and irregularly partitionedl 
Most of the partitions in this figure are transverse and diagonal. 
to the long axis of the filament. This filament is likewise more 
than one cell in diameter in certain regions, and I have indicated 
this by drawing the nuclei of the cells lying below the focal plane. 
The difficulty of determining the exact relation of one cell wall to 
another in aceto-carmine preparations such as are shown in 
figures 76, 77, 78, 82, and 84 makes it hard to draw accurately the 
position of the walls of the cells in relation to one another in 
different focal planes; and for this reason I have only drawn the 
nuclei of the cells lying below the focal plane. As a result, some 
of the cells appear binucleate. In the cells marked a in figure 84, 
for instance, there is a definite cell wall between the two nuclei, 
parallel to the plane of the paper, but which would be difficult to 
show in the drawing. 
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Figure 34 shows a portion of another filament inwhich many 
of the cells appear binucleate, but close examination shows that 
the nuclei are separated by diagonal and transverse walls. In 
regions marked f in the filament there is a suggestion of the out- 
lines of originally large cells which were subsequently divided up 
into smaller cells. Figures 76 and 77 show two filaments which 
were borne singly on secondary capitula and which are equal in 
diameter to the secondary capitula. These filaments are parti- 
tioned in a manner suggestive of a typical parenchyma. In the 
region marked X and X the filament shown in figure 77 is 
three cells in diameter. In the same manner as in figure 84 I have 
included in the drawing nuclei of cells lying below the focal plane, 
and as a consequence some of the cells appear multinucleate. 
In figure 76 all of the cells are filled with more or less mature, 
coiled antherozoids. As in figure 34, in the regions indicated by f 
there is a suggestion of large cells which have been divided into 
smaller cells without losing their original outlines. The cell walls 
in these filaments are parallel and diagonal as well as transverse 
to the long axis of the filament. 

In figures 37 and 50 are shown three antheridial filaments in 
which portions are normally partitioned by transverse walls, 
while other portions are irregularly divided in the same manner 
as described for figures 33, 34, 76, 77, and 84. In the region 
marked g in figure 37 the filament is normally partitioned by 
transverse walls, while in the remaining portion, the cell walls 
are for the most part diagonal. Similar irregularities are shown 
in figure 50. In the right hand filament of this figure the walls 
are transverse in the regions marked h, while between these two 
regions at g the walls are diagonal. The difference in diameter 
between the normal and irregularly partitioned portions of the 
filaments is quite striking in these two figures. It is not unusual 
to find a filament in which normal and irregular partitioning 
follow at intervals throughout its whole length. Figure 41 and 
42 show two antheridial filaments whose basal ends are irregu- 
larly divided, and it is to be noted that the diameter of the fila- 
ment in these regions is nearly twice as great at the apical end 
where partitioning is normal. The base is fully three eighths 
times greater in diameter than the apex, and the filaments taper 
gradually from base to apex. 

In figures 29, 35, 40, 45, 46, 47, 48, 78, 79, and 82 are shown 
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proliferations of cells apparently in the region where the filaments 
have become bent or curved. These round parenchyma-like 
outgrowths may be found at or near the apex, figures 29, 40, and 
82, in the middle, figures 35, 36, 45, 48, 78, and 79, or near the 
base, figures 47 and 48, of the filament. In figure 29 is shown 
filament whose apex consists of a knob-like mass of cells, and the 
appearance of the mass of cells at the end of the filaments -in 
figures 40 and 82 suggests that the ends were bent over and that 
the growth continued in the bent portion. In the enlarged end of 
the filament in figure 82 are eleven nuclei, and the apex of the 
filament in figure 29 consists of approximately ten cells. 

A very pronounced proliferation of cells is shown in figure 25. 
The secondary capitulum in this figure bears three antheridial 
filaments one of which marked g has been broken off and lies 
partly behind another filament. The longest filament, approx- 
imately equal in diameter to the capitulum, has apparently been 
doubled back on itself in growth, and in this region an unusually 
large outgrowth of cells has occurred and which is fully twice the 
diameter of the filament in the plane of the paper. The outgrowth 
is composed of approximately 18 cells and appears to be divided 
in three planes. Figures 47, 48, and 79 are somewhat similar to 
figure 35 in that the outgrowths are apparently more than one 
cell in thickness. In all of these figures it is obvious that nuclear 
and cell division has occurred in three planes, and as a con- 
sequence masses of cells have resulted which have the appearance 
of parenchymatous tissues. In figures 36, 45, and 78 on the other 
hand, the outgrowths of cells are apparently one cell in thickness 
and do not exceed in diameter the main filament. Moreover, 
they are normally divided by transverse septa. 

In the irregularly partitioned filaments and outgrowths of 
cells described above, the cell walls apparently tend to set them- 
selves at right angles to those previously formed, it accordance 
with the law formulated by Hofmeister (1863) and what is 
commonly spoken of as Sachs’ (1877) rule of rectangular inter- 
section. The relation of the cell walls to each other is difficult to 
see in the microphotographs in plates 1 to 4, for where tissues are 
transparent, as in the antheridial filaments of the Characeae, we 
often have in optical section a puzzling confusion of lines whose 
exact relation to each other is difficult to bring out in micro- 
photography. In figure 39, however, the cell wall is fairly clear. 
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In this figure is shown two nuclei in a curved portion of a filament 
which are separated by a somewhat semi-circular wall whose 
both ends meet the old filament wall at right angles. It is evident 
in this figure that the curved wall is not a minimal partitioning 
area, since a straight wall between the nuclei would obviously be 
of less area. 

In the figures shown in plate 14, I have attempted to draw as 
accurately as possible from a¢eto-carmine preparations the inter- 
sections of the cell walls and their relation to each other in optical 
section. In figures 76, 77, 78, 81, 82, 84, 87, 88, and 91 may be 
found several cell walls that are curved so as to meet the pre- 
viously formed wall at right angles. This is particularly notice- 
able in the walls which are numbered consecutively in these 
figures. The walls numbered 1 and 2 in figures 76 and 78 are 
unusually good illustrations of rectangular intersection, but it is 
obvious that they are not minimal partitioning areas. In the 
majority of cases in these figures the partitions appear to meet 
at acute angles. In the regions marked 0 in figures 76, 77, 81, and 
82 where four walls come together they do not meet in a common 
point or line. As a consequence, short so-called polar furrows 
(Conklin, 1897) are formed, so that each wall is in contact with 
two others, and the three meet at an angle of approximately 120 
degrees. In the region marked M in figure 77 four cells appear to 
meet in a common line, but close examination shows that the 
cells are somewhat rounded off and separated from each other by 
a small intercellular space. 

The origin of irregular partitioning of the atheridial filaments, 
such as is shown in figures 33, 34, 76, 77, 78, 79, 81, 82, and 84, is 
suggested in figures 54, 68, 69, and 85. As described in a previous 
paper (1926) and noted by Giesenhagen (1905), Treub (1880) 
and Debski (1896) (1898), the equatorial plate in nuclear division 
frequently lies diagonal and even parallel to the long axis of the 
filament. In figure 70 is shown the terminal cell of a filament in 
which the equatorial plate lies parallel to the long axis of the 
filament, and in figure 69 are two early anaphases which are al- 
most parallel to the long axis of the filament. It is obvious in 
these figures that if a wall transverse to the long axis of the filament 
is to be formed between these daughter groups of chromosomes the 
division figures must rotate approximately 90 degrees in the cells. 
Often the rotation of the division figure is not completed even in 
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late anaphase, and as a result entire filaments may be found in 
which the daughter groups of chromosomes lie in diagonally 
opposite corners of the cell. This is well illustrated in figure 55; 
and if cell walls were to be formed at right angles to the poles of 
these division figures the filament would doubtless be divided in 
the same manner as those which are shown in figures 33 and 37 
in which the cross walls are more or less diagonal to the long axis 
of the filament. 

Figure 85 is particularly significant, since in the filament here 
shown may be seen direct evidence of the origin of irregular 
partitioning. What was originally the basal cell of the filament, 
1, has been divided by a wall parallel to the long axis of the 
filament into two cellsa and b. The cell d is in late telophase, and 
in the equator of the cell between the daughter nuclei may be 
seen the beginning of the cell plate. It is obvious that the cell 
wall which is to follow will divide the cell transversely. The ad- 
jacent cell, number 2, is apparently in late anaphase in which the 
oval chromosomes lie in the ends of the cell. The shortest 
diameter of this cell is obviously parallel to the long axis of the 
filament, and the wall that will subsequently be formed between 
the nuclei will doubtless be across this short diameter. In the 
wedge-shaped cell number 3, the equatorial plate is transverse 
to the filament but parallel to the long axis of the cell. The cell 
marked 4 is in late telophase, and between the daughter nuclei 
across ths short axis of the cell and parallel to the long axis of the 
filament may be seen the beginning of the cell plate. Cell num- 
ber 5 is apparently in late anaphase with the chromosomes in the 
ends of the narrow cell. If a cell wall is formed across the clear 
zone between the groups of chromosomes it will be either parallel 
or diagonal to the long axis of the filament. This filament, as 
noted before, is particularly significant in that it shows the be- 
ginning of irregular partitioning. It is obvious that if the nuclei 
in cells 7 and 4 continue to divide and cell walls are formed across 
the short axis of the cell each time, a group of cells will be formed 
that will resemble a typical parenchymatous tissue. It is highly 
probable that the unusually partitioned filaments shown in 
figures 76 and 77 have arisen in this manner. It is to be further- 
more noted in figure 85 that the original outlines of the cells are 
still visible, although they are being divided up into smaller cells. 

A number of young antheridial filaments have been found in 
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which there is a suggestion of the origin of the peculiar out- 
growths and proliferation of cells shown in figures 29, 35, 36, 40, 
45, 47, 48, 78, and 79, and the branches shown in figures 22, 23, 
24, 25, 26, 27, and 28. In the regions where the filaments are 
bent or curved the nuclei often lie in an eccentric position in the 
cells near the outer periphery of the bend, as is shownin the region 
marked a in figure 38 and in figure 86. The nuclei in this region 
are somewhat wedge-shaped as a result of the cell being narrower 
on the inner periphery of the curve. When such nuclei divide, the 
result will often be what is shown in figure 90. In this figure is 
shown five cells in late anaphase in which the chromosome groups 
lie at the ends of the long axis of the cells, and it is evident that 
the long axis of the cells is transverse to the filament. As a con- 
sequence, if the cell walls that are subsequently developed are 
formed across the long axis of the cells they will doubtless be 
parallel to the long axis of the filament. Figure 91 shows a por- 
tion of a curved filament in which this has apparently occurred. 
The curved portion of the filament is two cells across, and if the 
outer cells of this portion continue to divide an outgrowth of cells 
such as is shown in figures 35, 40, 45, 46, and 47 will probably 
be the result. 

What was originally the central cell of a curved portion of a 
filament may often be found to be abnormally divided, while the 
rest of the cells are normal in every respect. In figures 39 and 88 
the original central cell is much larger than the other cell, and 
partitioned by a somewhat semi-circular wall, meeting the old 
longitudinal wall of the filament at right angles. A slight modi- 
fication of this is shown in figure 87 where the curved partition 
meets both the transverse and longitudinal wall of the filament. 
If the nuclei and cells marked a continue to grow and divide ina 
direction at right angles to the main filament it is obvious that a 
branch-like outgrowth will be formed. Figure 89 shows what 
appears to be the beginning of a branch, and it is probably that it, 
as well as some of the branches shown in figures 22, 23, 24, 25, 26, 
27, and 28 may have arisen in this manner. It is clear, however, 
from figures 22, 23, 27,and 28 that branches do not only originate 
in regions where the filaments are bent or curved, since the 
branches here shown are borne at various angles on straight 
filaments. It is probable that they have arisen through some 
changes in the plane of nuclear and cell division. In figure 38 is 
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shown a portion of a filament, one cell of which has been divided 
parallel to the long axis of the filament. The cell wall between 
the nuclei is not visible in the photograph, but as seen directly 
under the microscope it lay somewhat diagonally placed between 
the two nuclei. It is to be noted in this figure that the diameter 
of the filament although not irregularly partitioned, is com- 
paratively large up to the region where the two nuclei lie, and 
from this point on it begins to taper gradually towards the apex. 
It is highly probable that if the nuclei of the two cells described 
above continue to grow and divide branches or proliferation of 
cells may occur at right angles to the filament. 


VARIATIONS IN SIZE OF CELLS AND NUCLEI OF 
ANTHERIDIAL FILAMENTS 


It is evident from examination of the figures of irregularly 
divided filaments that numerous differences in the size of cells 
and nuclei occur. In figures 33, 34, 35, 45, 47, and 48 the cell 
walls are not sufficiently clear to determine the exact boundaries 
of the individual cells, but in figures 37, 50, 76, and 84 the bound- 
aries are more distinct. The cells marked a in figures 76, 77, 81, 
and 84 are unusually large in comparison with the cells marked 
b. Likewise the cells in the irregularly partitioned portions of 
the filaments shown in figures 37 and 50 are considerably larger 
than the normal cells in the regions marked fh. In the out- 
growths of cells shown in figures 79, and 82 the sizes of the cells 
marked a are considerably larger than those labeled 6. 

In contrast to the irregularly divided filaments shown in 
figures 33, 34, 37, 50, 76, 77, 81, 84, and 85, figures 20 and 83 
show filaments that are not partitioned at all, and consist of a 
single long cell. Figure 20 shows a secondary capitulum a, with 
two short filaments z and 2. One of these filaments is very short 
and appears as an oval cell, while the other filament in three-fourths 
as long as the manubrium. The other normal filaments in this 
figure are filled with mature coiled antherozoids. The secondary 
capitulum in figure 83 bears three filaments, two of which, a and 
b, have no cross walls. The length of the cell marked a is fully 
as great as 14 cells of the third normally partitioned filament. 
Small (1921, figure 934) describes similar long unsegmented 
filaments in C. fragilis. 

In filaments that are normally segmented or partitioned may 














208 BULLETIN OF THE TORREY CLUB [VOL. 54 


be found cells that are several times larger than the normal size. 
Such cells may occur at the base, apex, or in the middle of the 
filament. Figure 43 shows a secondary capitulum, 3, which bears 
one filament, the first cell, 2, of which is fully as long as four of 
the normal adjacent cells. In figure 80 is shown a long cell at the 
end of a filament. A similar cell is shown in figure 44 with the 
exception that it is bent at right angles into the shape of a boot. 
In the region where the cell is curved, it has divided, forming a 
small cell which constitutes the heel of the boot. Figure 46 shows 
the middle portion of a filament that is regularly divided by 
transverse walls, but in which three of the cells are unusually 
large in comparison with the other cells. The central portion of 
another filament is shown in figure 92, in which the cells marked 
a and b are fully four times as large as the adjacent cells. 

In all of these figures described above the size of the nuclei 
varies with the size of the cells. The nuclei in the large and small 
cells marked a and 6 in figures 77, 79, 81, 82, and 85 correspond 
to the size of these cells. Similarly, the unusually large cells 
described in figures 20, 43, 44, 46, 80, 83, and 92 have correspond- 
ingly large nuclei. 

Irregularity in the partitioning of the filaments, the develop- 
ment of outgrowths, and the variations in size of cells described 
above do not apparently, to a certain extent, affect the trans- 
formation of the cells into antherozoids. Figures 37, 50, and 76 
show irregularly divided filaments whose cells are filled with more 
or less mature, coiled antherozoids. The size of the antherozoids 
appears to vary with the size of the cells, and in figures 37 and 50 
particularly, may be seen antherozoids of various sizes. In the 
regions indicated by g and A in these figures the antherozoids ap- 
pear normal, while in the irregularly partitioned portions there 
is great diversity in size. In the cell marked a in figure 50, for 
instance, is an antherozoid which is fully twice as large as the 
ordinary size. Directly beneath it in the cell b may be seen an 
unusually small antherozoid, which shows very faintly in the 
photograph. The antherozoids in the large cells in figure 76 are 
unusually large in comparison with those in the small cells. 

This difference in size of the nuclei and antherozoids has 
apparently come about through irregularities in the distribution 
of the chromosomes in mitosis, as is shown in figures 56, 57, and 
71. Figure 71 is an anaphase stage in which all chromosomes 
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with the exception of two lie at one end of the cell. Near the 
apical end of the cell lies one chromosome, and in the equator is 
another smaller chromosome, Later anaphase stages are shown 
in figures 56 and 57. In the cell marked 7 in figure 56, of N. 
flexilis, a single chromosome lies at one pole of the cell, while the 
remaining eleven chromosomes lie at the other pole. The late 
anaphase group of chromosomes do not lie in the same focal plane 
in the cell, and consequently the single chromosome is not as 
clear in the photograph as could be desired. In the apical cell of 
the filament in figure 57 is shown a similar irregularity in chromo- 
some distribution in which two short chromosomes lie at one 
pole and the rest of the chromosomes at the other pole of the cell. 

These irregularities in distribution of the chromosomes lead 
to the formation of larger and smaller nuclei, as is illustrated in 
figures 59, 72, and 73. The nuclei numbered 1, 3, 4, 5, 6, and 7 
in figure 59 are unusually small, while the nuclei in the adjacent 
cells are very large. Similarly, the nuclei numbered 7 in figures 
72 and 73 are minute in size when compared with those in ad- 
jacent cells, and they probably contain the chromatin from one 
or two chromosomes at most. No nuclei were visible in the cells 
numbered 2 and 3, and it is probable that they have degenerated 
because of their small size. 

Many cells in telophase before cell plate formation, have been 
found which were multinucleate, as are shown in figures 58, 67, 
and 68. The cells marked a in these figures each have two fairly 
large and a small nucleus. In each of the cells marked d in figure 
58 is a large and an unusually small nucleus. These small nuclei 
are doubtless the result of a few chromosomes not being included 
in the larger telophase nuclei. Mettenius (1845), in figures Ia 
and 4a of C. hispida, shows similar cells with large and small 
nuclei. It is obvious that when the cell walls are formed between 
these nuclei, large and small-nucleated cells will result. As a 
consequence, in spermatogenesis small and large antherozoids 
will be formed. It is highly probable that the monster anther- 
ozoid in cellain figure 50 contains a high number of chromosomes, 
while the small antherozoid in cell } is composed of but 2 or 3 
chromosomes at most. 
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VARIATIONS IN THE NUMBER OF FILAMENTS 
BORNE ON THE CAPITULA 


According to the majority of the students of the Characeae 
the number of antheridial filaments that are borne on each 
capitulum varies considerably. Meyen reports 2 to 4, Braun and 
Migula 3 to 5, Sachs 4, Strasburger 3 to 5, Vines 2 and Halstead 4 
filaments on each secondary capitulum. The usual number is 
four, according to these investigators. I have likewise observed 
considerable variation in the number of filaments borne on the 
capitula. In figure 76 is shown a secondary capitulum with only 
one filament, but it is so abnormal in its partitioning that it must 
be regarded as exceptional. Figures 11 and 43, however, show 
secondary capitula with single normal filaments. In figures 30 
and 49 the secondary capitula bear two filaments in addition to 
developing bud-like outgrowths, which will be discussed later. 
In figure 35 is shown a secondary capitulum with three filaments 
one of which g, was broken off near the base and is partly ob- 
scured by another filament. In a few antheridia I have observed 
secondary capitula on which were formed no antheridial filaments 
but which developed a number of long bud-like growths such as 
are shown in figures 51 and 62. Such cases, however, are ex- 
ceptional. 

As Meyen, Braun, and Sachs point out the usual number of 
filaments borne on the secondary capitula is four. In some 
antheridia of C. delicatula and N. flexilis | have found as many 
as nine filaments on one secondary capitulum. The tertiary capi- 
tula in figures 1 and 4 bear two filaments. Capitulum number 
c' in figure 2 bears three, and each of the tertiary capitula marked 
1, 6 and 6 in figures 3, 5, and 6 bear four antheridial filaments. 
The tertiary capitulum labeled c in figure 2 bears five filaments. 
Although only two filaments are borne on the quaternary capit- 
ulum in figure 73, as many as five have also been found on a 
number of quaternary capitula. In antheridia in which a large 
number of tertiary and quaternary capitula occur, the number of 
filaments borne by the secondary capitula is proportionately 
small. In figure 3, for instance, the secondary capitulum b bears 
only two filaments. This correlation is to be expected, since the 
tertiary and quaternary capitula take the place of the filaments 
on the secondary capitulum that might have otherwise developed. 
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VARIATIONS IN THE NUMBER OF CELLS IN THE 
ANTHERIDIAL FILAMENTS 


The number of cells in mature antheridial filaments varies in 
the same species and in different species. Martius (1818) reports 
60 to 90 cells, Meyen (1827) 20 to 30 and Braun (1853) 60 to 90 
in C. fragilis and C. foetida and 80 to 225 in N. syncarpa. In C. 
delicatula I have observed the number to vary from 7 to 120. 
The short filament numbered 4 in figure I is composed of not 
more than seven cells, and in figures 5 and 6 are shown other short 
filaments with less than ten. In all of the counts made, mature 
antheridia were selected whose filaments were undergoing 
spermatogenesis and in which there was no longer any likeli- 
hood of further division. In N. flexilis the variation may be 
from 4 to 210 cells per filament, and L. alopercoides likewise shows 
a great variation, from 10 to 150 cells in mature filaments. The 
very short filaments in these species are exceptional, and the usual 
number of cells in normal filaments is very high. 


BUDDING OF MANUBRIA AND CAPITULA 


Budding of manubria and capitula occurs with considerable 
frequency in most of the species which I have studied. In figures 
61, 63, and 66 are shown bud-like outgrowths on mature man- 
ubria of C. delicatula. Figure 61 shows a small swelling near the 
base, and in figure 63 a long bud has developed at the apex of the 
manubrium. In figure 66 the bud 3, at the apex of the manu- 
brium, is longer than the primary capitulum a, and I have ob- 
served two cases where such buds were constricted and finally 
separated from the manubrium. 

Figures 8, 12, 17, 30, 51, 52, and 62 show budding capitula, 
and it is evident from those figures that budding may occur in 
tertiary, and secondary, as well as primary capitula. Figures 8 
and 52 show well developed buds on two primary capitula. 
Figure 12 shows a secondary capitulum with a fairly long bud, 
and in figure 17 the secondary capitulum a merely grew into a 
long tube without the production of filaments or buds. Similar 
capitula are shown in figures 51 and 62. Figure 51 shows a 
primary capitulum, a, with three secondary capitula numbered 
I, 2, and 3. Capitulum number 7 grew into a triangular-shaped 
cell without the formation of any filaments, while number 2 pro- 
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duced a long bud in addition to developing a fairly long, tapering 
curved cell. Figure 62 shows another primary capitulum with 
four secondary capitula, all of which failed to develop antheridial 
filaments and formed only long buds. The capitulum numbered 
4 was injured in mounting, and consequently has a collapsed 
appearance. 

Figures 30 and 75 suggest that the buds may eventually be 
cut off from the capitulum by a cross wall, forming an oblong 
cell. In figure 30 the nucleus of the capitulum lies near the wall 
separating it from the bud, suggesting probably that it has 
recently divided. The appearance in figure 75 suggests that the 
buds which are probably cut off from the capitulum may con- 
tinue to divide, forming several cells. However it is not possible 
to determine with certainty whether the buds shown in these 
figures are beginnings of antheridial filaments which were prob- 
ably arrested in their development, or the result of a renewal 
of growth of the capitula after mature filaments have been 
developed. If this latter view is correct, it is obvious that the 
capitula retain the power to grow and divide up to a late stage 
of development of the antheridia. 


FREQUENCY OF VARIATION 


The frequency with which these so-called variations de- 
scribed above occur is shown in tables 1, 2, and 3. In each of the 
three genera studied, with the exception of Lamprothamnus, 
a complete record was kept of the number and types of variation 
in fifty antheridia each of plants growing in the field and labora- 
tory, and the percentages shown in table 4 were computed from 
this number. Fifty is of course a small number from which to 
compute a percentage, but the tables, none the less, give a fair 
average of what might be expected. 

In the first column of each of these tables is shown the number 
of manubria found in each antheridium, and in only one species, 
C. delicatula, was there a variation above the usual number eight. 
In all of the antheridia of Nitella and Lamprothamnus examined 
there were eight manubria, but in C. delicatula 8 per cent of the 
antheridia of laboratory plants had more than eight. It is to be 
noted that none of the antheridia from field plants showed this 
variation. The highest number of manubria found in a single 
antheridium was twelve. In the second column is shown the 
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number of primary capitula in each antheridium. However, as 
noted before, it is often difficult to distinguish between the 
largest secondary and the smallest primary capitula, and it is 
probable that a number of cells listed in the second column may 
be large secondary capitula. The variation in number of primary 
capitula above the more usual number eight is the same in C. 
delicatula and N. flexilis in which 40 and 44 per cent of the 
antheridia in tables 1 and 2 had more than eight primary capitula, 
compared with 20 per cent in L. alopercoides. In N. flexilis 98 
and 96 per cent of the antheridia contained tertiary capitula, as 
is shown in column 3 as compared with 42 per cent and 54 per 
cent in C. delicatula and 60 per cent in L. alopercoides. Fifty- 
eight per cent of the antheridia of N. flexilis contained quaternary 
capitula, while in C. delicatula and L. alopercoides the percentages 
are much lower, 6, 4, and 8 respectively. In C. delicatula 46a and 
64 per cent of the antheridia had branched filaments, as shown in 
column 5, as compared with 30 and 34, and 30 per cent in N. 
flexilis and L. alopercoides. The highest percentage of antheridia 
with irregularly partitioned filaments was found in C. delicatula, 
66 and 64 percent, while in N. flexilis the number is comparatively 
low. Budding of primary, secondary, and tertiary capitula is 
common to the three genera, but occurred with more frequency 
in N. flexilis, as is shown in table 4. 

No budding of manubria was found in the antheridia of L. 
alopercoides, and in N. flexilis and C.delicatula the number of cases 
found was very small. Similarly, the number of antheridia in 
which primary capitula directly bearing antheridial filaments are 
found is low. In C. delicatula 22 and 20 per cent of the antheridia 
contained primary capitula that bore one or more filaments, while 
in N. flexilis and L. alopercoides only 16 and 20, and 6 per cent of 
the antheridia had similar primary capitula. 

All of the antheridia recorded in tables 1, 2, and 3, with the 
exception of numbers of, 29f, 47f, and 22L in C. delicatula and 33 
in L. alopercoides, showed some of these so-called variations. 
The highest number of primary capitula, 17, was found in 
antheridium number 11L of C. delicatula, and one antheridium, 
number 32f of N. flexilis has 38 tertiary capitula. Antheridia 
numbers 36L and 47f of N. flexilis contained as many as 9 
quaternary capitula, and the highest number 14, of budding 
capitula was found in antheridium number 36f of N. flexilis. 
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TABLE I 


Frequency of variations in C. delicatula' 
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An. no M P. < 1: Q. ¢ B. F Irr. Pt. | B. C. | B. M. | P.C.F.| N.T. of V 
lr. [u.|r. |e. | F L.|F.ju.je joule fo |e lute. fol e KTS 1 

I } 8/8 8 | lololo/joj;o|r 3 4 | 0} o|/ojo|]o| tr 2 
2 8 8 i 9 }10 | O} 2 0; 0 I 5 2;0 0/0; o0]0o0]0 i. oe 3 
3 s/s \12 lo 3) 2/1r/} 4/0] © 3 olololololo é&. 4 
4 | 8 | 8 |r3 jar | 2 0|0 2 013; 0 oO }o}0 o 2 ft et 4 
5 8 8 |rr ;} 9/5 o1|o0;0] 3 s | r | 0 o 2 0 I o|o 4 4 
6 18/8/88 |13|/0]/0]}/0]}o0]0]0] o lo t}/olo/;2z2io|o I 2 
7 x S s x }0}4 o o 6 8 o o o 0 I 0 0 o 2 2 
8 818/18 /1/8ilol|2z2ioflfo/;2iso o 5 o|o z;\/o0lolo 2 2 
9 | 8 8 8; 8)\0 } 3} O/}o0]0 6 °o o ol|o;o!lo 0; 0 °o 2 
10 6} 8] 8 irr ii7|}/s}o}]3}o;1] 2] 3 5s |otololololo 5 3 
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24 18/8; 8itz3|}o0;o0/;o0;};o0;}4]0 °o °o 0|0/;0!/0 2/0 2 I 
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! An. no., number of antheridium; M, number of manubria per antheridium 


; P.C., number 


of primary capitula; T.C., number of tertiary capitula; Q.C., number of quaternary capitula; 
F., number of branching filaments; Irr. Pt., number of irregularly partitioned filaments; 


B.C., number of capitula with buds; M.C., number of manubria with buds; P.C 


.F., number of 


primary capitula directly bearing antheridial filaments; N.T. of V., number of types of varia- 


tions in each antheridium; f., from field plants; |., from laboratory plants. 
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In C. delicatula one antheridium contained 8 branched filaments, 
and 7 irregularly partitioned filaments were found in a single 
antheridium of L. alopercoides. 

The number of different types of variations in the individual 
antheridia is fairly high. The last column in tables 1, 2, and 3 
shows the number of different types of variations which were 
found in single antheridia. Antheridia numbers 14 f and 19L 
show seven of the nine recorded variations. As is shown in 
tables 1, 2, and 3, three, four and five types of variations per 
antheridium is the more general number. Although most of the 
antheridia show some type of variation, the number of single 
organs that vary in proportion to the total number of such 
organs in the antheridium is very small. Branching of the 
antheridial filaments may be taken as an example. The total 
number of filaments in a single antheridium may often be as 
high as 200, while 8 was the highest number of branched filaments 
found in any of the antheridia examined. In this case only four 
percent of the total number of filaments would be branched. 

No attempt has been made in tables 1, 2, and 3 to record the 
number of secondary capitula. If fully mature antheridia in 
which the antherozoids are already formed are dissected, the 
filaments and capitula generally separate, and when these 
structures thus lie separate it is difficult to distinguish the 
secondary and tertiary capitula, and only in antheridia where the 
filaments and capitula are still united with each other is it 
possible to identify them by their relative positions. Moreover 
the presence of what seem to be supernumerary primary capitula 
further complicates the matter. However, in a number of care- 
fully dissected antheridia I have observed that the number of 
secondary capitula in the antheridium is often correlated with 
the development of tertiary and quaternary capitula. In anther- 
idia in which there were large numbers of these latter capitula 
the number of secondary capitula was considerably less than 
forty-eight, which, according to Braun and Sachs, is the more 
usual number. 


DISCUSSION 


In the formation of the antheridium of the Characeae the 
globular mother-cell divides into two hemispheres by a vertical 
wall, and each of these two cells is divided into segments by 
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TABLE 4 


Percentage of anthertdia in tables 1, 2 and 3 which showed the different types of 
variations 














Species M. | P.C.| T.C.|Q.C.| B.F.| Irr. Pt. B.C. B.M. P.C.F. 
| F.| L. F.|L.| F.|L.| F.) i.) F.[L.] F. | b. | F. | L | F 2. — wig 
| 
C. delicaiula 0 | 8 |40/44/42/54) 6 4\46 64| 66 | 64 20 241 4 6 22 20 
N. flexilis lo © |40/44/98/|96/ 58/58) 30/34; 20 | 20 | 56 42 ee 16 20 
L. alop.. to! {20} |60 8| |30 44 42 0 6 





another vertical wall at right angles to the first, so that the third 
cell generation, beginning with the mother-cell as the first genera- 
tion, of the antheridium consists of quadrants. The third divi- 
sion is horizontal and at right angles to the last two walls, and 
the antheridium in this stage consists of four lower and four upper 
octants of a sphere. Each octant further divides info an outer 
and an inner cell; the latter is again divided in all of the eight 
octants, so that each octant now consists of an inner, a middle, 
and an outer cell, making twenty-four cells in the whole anther- 
idium. By unequal growth the outer eight cells become the 
shield cells, the middle cells the manubria, and the inner cells 
become the primary capitula. From each primary capitulum is 
cut off six small cells which become the secondary capitula, and 
on each of these latter cells are usually formed four antheridial 
filaments. This method of formation of the antheridium, as 
described by Braun and Sachs, may be regarded as the type 
formation, and it is obvious that the order of development of cells 
is comparatively simple and diagrammatic. In this type form- 
ation the shield cells thus represent the fifth, and the manubria 
and primary capitula the sixth cell generations. The divisions 
of the primary capitula to form the six secondary capitula result 
in the seventh generation, while the four antheridial filaments 
that are usually borne on each secondary capitulum represent 
the eighth generation of cells from the mother-cell. 

The development of antheridial filaments directly on primary 
capitula, increase in number of primary capitula, and the forma- 
tion of tertiary and quaternary capitula indicate considerable 
variation in the number of cell generations between the anther- 
idium mother-cell and the antheridial filament. As pointed out 
above, the antheridial filament, if borne on the secondary capit- 
ulum, represents the eighth cell generation in the antheridium, 
but it is obvious in such cases where the filament is borne directly 
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on the primary capitulum and by tertiary and quaternary 
capitula that it may represent the seventh, ninth and tenth 


generation, respectively, as well. Likewise, in cases where an ifi- 


crease in the number of primary capitula has occurred, as in 
figures 14, 18 and 19, the secondary capitulum does not always 
belong to the seventh, but may even be the eighth and ninth 
generation. Accordingly, it is obvious that the secondary capit- 
ulum and antheridial filament may be of the same order of cells 
in the development of the antheridium. In cases where the 
antheridial filament is borne directly by the primary capitulum 
the number of cell divisions, and consequently the number of 
cell generations, has apparently been suppressed, while in cases 
where supernumerary primary capitula, tertiary and quaternary 
capitula are formed the number of cell generations has been in- 
creased. 

It is not evident from tables 1,2,and 3 whether the percentage 
of divergence from type increases with the number of cell genera- 
tions, since these tables deal with variations in mature antheridia, 
and moreover, do not give comparative numbers of variable and 
normal structures in the antheridium. However, I have fre- 
quently observed variations from type in the eight- and sixteen- 
cell stages of the antheridium, but since we are here dealing with 
the structure of the mature antheridium these variations have 
been omitted for further study. 

The fact that only six of the two hundred and fifty antheridia 
recorded failed to show some degree of variation from type is 
significant in that it indicates that the habit of growth of the 
antheridium of the Characeae, in spite of its simplicity of type, 
is probably no less variable than that of other less diagram- 
matically constructed plants. Table 4 shows that tertiary capitula, 
occurring in 98 and 96 per cent of the antheridia examined, are 
almost as commonly formed in the antheridia of N. flexilis as 
secondary capitula. However, I have not determined the com- 
parative numbers of secondary and tertiary capitula in a single 
antheridium, because of the difficulty of differentiating between 
the smallest secondary and the largest tertiary capitula as they 
lie separate in the dissected mature antheridium. A careful count 
of capitula may show that the number of tertiary capitula in a 
single antheridium is low in comparison with the number of 
secondary capitula. Tertiary capitula in N. flexilis, however, 
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may be regarded, it seems to me, as quite as typical as secondary 
capitula. In C. delicatula branching and irregularly partitioned 
filaments were found in nearly fifty per cent of the antheridia, but 
in this case, as noted before, the number of such filaments in a 
single antheridium is low in comparison with the total number of 
normal filaments. 

The irregularities in the distribution of the chromosomes, the 
presence of large and small nuclei, and, apparently as a conse- 
quence, the formation of large and small antherozoids, as are 
shown in figures 37, 50, 56, 57. 58, 59, 67, 68, 71, 72, and 73, are 
variations of another class. The variations discussed above were 
morphological divergences from type formation of the antheridium, 
while these are cytological and deal with variations within the in- 
dividual cells. However, it is apparent that both classes of 
variations are closely related, since some of the morphological 
variations, irregular partitioning and branching of the antheridial 
filaments, for example, may have arisen from variations within 
the individual cells. 

It is obvious that if the large and small antherozoids contain 
high and low chromosome nunbers, as figures 56, 57, 58, 59, 67, 
68, 71, 72, and 73 seem to indicate, and are capable of fertilizing 
eggs, irregularities in the chromosome number of the zygote and 
the subsequent sporeling will, consequently, occur. I have ob- 
served large and small antherozoids, such as are shown in the cells 
marked a and 3 in figure 50, escape from the antherozoid mother- 
cells, but whether they are capable of fertilizing eggs and whether 
such fertilized eggs would be viable is yet to be determined from 
further study. The irregularities in chromosome distribution and 
the formation of large and small nuclei are, furthermore, signi- 
ficant, since these nuclear and cell divisions are in somatic 
tissues and are not concerned with the reduction of the chromo- 
some number, according to Debski (1898), Gétz (1899) and 
Oehlkers (1916). Irregularity in chromosome distribution and 
the formation of large and small pollen grains occur frequently in 
pollen mother-cells, particularly in the case of hybrids, but in 
somatic mitosis the distribution of the chromosomes to the poles 
of the cells is generally regarded as more regular. Aberrations of 
the mitotic figure in somatis tissues, however, have been artifically 
produced in a large number of plants. In root tips and other 
plant tissues subjected to the influence of ether and chloral 
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hydrate (Nathanson, 1900; Némec, 1904, 1910; Sakamura, 
1920), Réntgen rays (Komuro, 1917, 1922, 1924), ultra-violet 
rays (Takamine, 1923; Schliep, 1923), radium (Mohr, 1919; 
M. Williams 1925) and low temperature (Borgenstam, 1922) the 
chromosomes are generally scattered irregularly in the cells and 
may collect into several groups and organize nuclei of various 
sizes. The large nucleus marked a in figure 68 of my preparations 
appears somewhat constricted and suggests that it may be 
undergoing division by amitosis. The appearance of this nucleus 
as well as that of the two in the cell above is somewhat similar to 
that figured by Sakamura (1920, figure 57) and by Némec (1904, 
figs. 17-31) of chloralized cells in which the chromosomes are 
reconstructing nuclei unequal in size. It may be that the irregu- 
larities in mitosis shown in figures 58, 67, and 68 may be caused 
by some foreign injurious substance in the water in which the 
plants were growing. These cells, however, are from plants that 
were growing in a fairly large lake and not in tap water. 

These so-called variations were first observed by me in plants 
from cultures which had been growing twoyears in the laboratory 
in New York City tap water which is often chlorinated to keep 
down the growth of algae and bacteria, and one might suspect 
that the presence of minute amounts of chlorin may be an in- 
fluencing factor. However, I have found these variations in the 
antheridia of different species of Characeae from France, England, 
New England, the limestone regions of Texas and Mexico, lowa, 
Wisconsin, Virginia and Ohio. This, together with the fact that 
similar variations have been reported from widely separated local- 
ities in Europe, is evidence against this view. As is shownin table 
4 the percentage of variations on the average is about the same 
in field and laboratory plants, and the difference between the 
two is obviously too small to be adequate ground for assuming 
that they may be the result of any peculiar difference in the water 
in which the plants were growing. 


SUMMARY 


In method of development and symmetry the Characeae 
are perhaps the most diagrammatic of any organism, plant or 
animal. It is not merely that their radial and metameric or- 
ganization results in the well proportioned chandelier-like form, 
but their cellular make-up is so simple as to at once suggest the 
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possibility of mathematical analysis. This regularity of growth, 
according to Braun and Sachs, extends to the antheridia and 
oogonia as well. The mature antheridium of the Characeae 
usually consists of eight outer shield cells, eight manubria, 
eight primary capitula, forty-eight secondary capitula, and four 
antheridial filaments borne on each of the latter. This has 
generally been regarded as the type structure of the antheridium. 
However, a considerable number of variations from this type 
structure have been observed, which are discussed and classified 
into the eight following groups: 

1. In addition to primary and secondary capitula, tertiary 
and quaternary capitula are frequently formed, which in turn 
bear antheridial filaments. 

2. The number of primary capitula and manubria often 
varies. As many as twelve manubria and sixteen primary 
capitula have been found in a single antheridium. 

3. The antheridial filaments may often branch, sometimes 
as many as five times. 

4. Irregular partitioning of the antheridial filaments is not 
uncommon. Septa may be formed parallel, diagonal and at 
right angles to the long axis of the filament. 

5. Variations in the number of antheridial filaments borne 
on each secondary capitulum occur. In C. delicatula the number 
may vary from one to nine. 

6. The manubria, primary, secondary and tertiary capitula 
often form bud-like outgrowths, which are sometimes cut off by 
transverse septa. 

7. The number of cells in an antheridial filament varies to a 
considerable degree. In a single species the variation may range 
from five to one hundred and fifty cells. 

8. Inequalities in the size of cells and nuclei occur in the 
antheridial filaments, apparently as a result of irregularities in 
the distribution of the chromosomes during mitosis. The large 
and small cells, nevertheless, develop into germ cells, thus 
forming large and small antherozoids. 

It is a pleasure to me to express my gratitude and appreciation 
to Professor R. A. Harper for his stimulating criticisms in this 


study and in the preparation of this paper. 
CoLuMBIA UNIVERSITY, 
New York Ciry. 
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Explanation of plates 


All figures are photographs and drawings of aceto-carmine preparations 
made with a Zeiss 2 mm. apochromatic objective N.A. 1.30 and compensating 
oculars 6, 8, and 12. A Leitz Liliput arc light was used as a source of illumi- 
nation in photographing, and the drawings in plate 5 were made with the aid 
of a Spencer camera lucida. Approximate magnifications are given with each 
figure. 
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PLATE 10 


Fig. 1. A secondary capitulum, a, of C. delicatula which bears three 
antheridial filaments, 7, 2, and 3, and one tertiary capitulum, 6, with two 
filaments, 4 and 5. In each cell of the antheridial filaments is a mature coiled 
antherozoid. XX 650. 

Fig. 2. A manubrium of C. delicatula with one primary capitulum, a. 
The secondary capitulum, 6, bears three antheridial filaments, 6, 7 and 8, in 
addition to two tertiary capitula, c and c'. The tertiary capitulum c bears 
five filaments. One filament is borne directly by the primary capitulum. 
X 400. 

Fig. 3. A secondary capitulum, 6, of C. delicutula which bears three 
tertiary capitula, 7, 2 and 3, in addition to two antheridial filaments.  X 600. 

Fig. 4. A secondary capitulum of C. delicatula with one tertiary capi- 
tulum and three antheridial filaments. X 650. 

Figs. 5 and 6. Secondary capitula of C. delicatula with one tertiary 
capitulum. The secondary and tertiary capitula each bear four antheridial 
filaments. XX 650, 700. 

Fig. 7. A manubrium of N. flexilis with two primary capitula almost 
equal in size. One of the capitula bears an antheridial filament directly at- 
tached. XX 650. 

Fig. 8. A primary capitulum of C. delicatula with one antheridial fila- 
ment. The capitulum has a bud-like outgrowth near the apex. X 700. 

Fig.9. A manubrium of C. fragilis with one primary capitulum, a, 
which bears two antheridial filaments in addition to a secondary capitulum. 
xX 600. 

Fig. 10. Two primary capitula, a and a', of C. delicatula which were 
borne on one manubrium. One of the primary capitula bears two ant heridial 
filaments. X 650. 

Fig. 11. A primary capitulum of C. delicatula with two secondary capi- 
tula, one of which, a, has been divided up into a number of cells. The other 
secondary capitulum bears a single antheridial filament. X 600. 

Fig. 12. A secondary capitulum of C. contraria with a long bud or pro- 
tuberance near the apex. X 800. 

Fig. 13. A manubrium, a, of C. delicatula from which the primary capi- 
tulum 5 was dissected. This primary capitulum bears one antheridial filament. 
xX 500. 

Fig. 14. A manubrium of C.delicatula with six primary capitula. X 300. 

Fig. 15. A primary capitulum of C. delicatula with two secondary capi- 
tula, one of which is almost equal in size to the primary capitulum. X 400. 

Fig. 16. A manubrium, a, of C. delicatula with a large primary capitulum- 
like cell, b, Cells c and d by reason of position correspond to secondary and 
tertiary capitula, although their diameters are almost equal to that of the 
manubrium. X 700. 

Fig. 17. Two secondary capitula of C. delicatula, one of which bore no 
antheridial filaments and merely grew into a long tub-like cell. XX 450. 
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Fig. 18. A manubrium of C. delicatula which bears primary capitula at 
two points. Cells 7, 2, 3, 4, 5 and 6 are almost equal in size and all appear to 
be primary capitula.  X 700. 

Fig. 19. A manubrium of N. flexilis with two primary capitula, 3 and 4. 
Cells 7 and 2 are almost equal in size to the primary capitula. X 675. 

Fig. 20. A manubrium of C. delicatula with a secondary capitulum, a, 
which bears two short antheridial filaments, z7 and 2, without cross walls. 
The cells of the other antheridial filaments are filled with mature anthero- 
zoids. XX 650. 

Fig. 21. A manubrium of L. alopercoides with a primary capitulum 
which bears an antheridial filament, 7, directly. X 700. 

Fig. 22. A portion of an antheridial filament of C. delicatula which bears 
a short branch at right angles. X 700. 

Fig. 23. A secondary capitulum, a, of C. delicatula which bears one an- 
theridial filament. This filament branches dichotomously after a short period 
of growth. X 700. 

Fig. 24. A similar secondary capitulum of C. delicatula with one filament 
which divided into three branches. The filaments in these two figures are 
equal in diameter to the secondary capitula. x 700. 

Fig. 25. An antheridial filament of C. delicatula with four branches 
originating in the same region. XX 600. 

Fig. 26. A secondary capitulum of L. alopercoides with five antheridial 
filaments which merge together at the base forming a flat parenchyma-like 
layer of cells. XX 575. 

Fig. 27. A mature antheridial filament of C. delicatula which branches 
dichotomously twice. X 650. 

Fig. 28. An antheridial filament of C. delicatula which has apparently 
branched dichotomously three times. XX 325. 

Fig. 29. A knob-like outgrowth of cells at the end of an antheridial 
filament of C. delicatula. X 800. 

Fig. 30. A secondary capitulum of C. delicatula with two antheridial 
filaments and a large bud-like outgrowth, which has been cut off from the 
capitulum by a cross wall. X 500. 

Fig. 31. A secondary capitulum of N. delicatula which bears four an- 
theridial filaments, one of which has developed a branch at its base and in 
the opposite direction from its apex. Each cell of the filaments is filled with a 
coiled, mature antherozoid. X 525. 

Fig. 32. A secondary capitulum of C. zeylanica with four antheridial 
filaments, one of which, a, developed three branches. The cells of the fila- 
ments are filled with mature antherozoids. X 625. 

Fig. 33. Ashort, thick, irregularly partitioned branch or outgrowth of an 
antheridial filament of C. delicatula. X 1250. 
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Fig. 34. A portion of an irregularly partitioned antheridial filament of 
C. delicatula. The regions indicated by f are perhaps the outlines of large 
original cells which have subsequently been divided up into smaller cells, 
x 2000. 

Fig. 35. A secondary capitulum of C. delicatula with three antheridial 
filaments, one of which has developed a large parenchyma-like outgrowth of 
cells in the region where it is curved. X 800. 

Fig. 36. An antheridial filament of C. delicatula with a small outgrowth 
of cells in the region where it is curved. XX 1100. 

Fig. 37. The terminal portion of an irregularly partitioned antheridial 
filament of C. delicatula with large and small antherozoids in the cells. The 
filament is regularly partitioned by transverse septa in the region marked g. 
xX 1100. 

Fig. 38. A portion of an antheridial filament of C. delicatula in which the 
nuclei of the cells in the region of curvature are somewhat wedge-shaped. 
x 1000. 

Fig. 39. Curved portion of an antheridial filament of C. delicatula. 
What was apparently the central cell in this curved portion has been divided 
by a semicircular wall into two cells. This new wall meets the old wall of 
the antheridial filament at right angles. X 1000. 

Fig. 40. An outgrowth of cells near the end of an antheridial filament 
of C. vulgaris. X 475. 

Figs. 41 and 42. Antheridial filaments of C. delicatula which are irregu- 
larly partitioned at the base but normal at the apex. The filaments taper 
gradually from base to apex. X 650. 

Fig. 43. A secondary capitulum, 3, of N. flexilis which bears one an- 
theridial filament, the first cell of which, 2, is fully four times as long as the 
remaining cell. The cells are undergoing metamorphosis into antherozoids. 
xX 650. 

Fig. 44. A large boot-shaped apex of an antheridial filament of C. de- 
licatula which consists of two cells which are enormous in size compared with 
other cells of the filament. X 1250. 

Fig. 45. A short tubular outgrowth or branch on a filament of C. delica- 
tula. X 1000. 

Fig. 46. A portion of a filament of L. alopercoides with three large cells 
in the center. XX 1000. 

Fig. 47. A short antheridial filament of C. delicatula with an outgrowth 
of cells near the base. XX 600. 

Fig. 48. A magnified view of the outgrowth shown in figure 47. X 1000. 

Fig. 49. A secondary capitulum of C. delicatula with a short bud in 
addition to two antheridial filaments. X 650. 

Fig. 50. Apical portions of two antheridial filaments of N. gracilis which 
are regularly and irregularly partitioned in alternate regions. Cells a and 5 
contain large and small antherozoids. X 1000. 

Fig. 51. A primary capitulum, a, of C. delicatula with three secondary 
capitula, 7, 2 and 3. Two of the secondary capitula bear no antheridial fila- 
ments and have merely grown out into long tubular cells. X 450. 





pr 
ca 


ar 


sh 
nl 


Ss! 





1927 KARLING: ANTHERIDIUM OF CHARACEAE 229 


PLATE 13 


Fig. 52. A manubrium of C. delicatula with one primary capitulum which 
bears two secondary capitula, r and 2. A small bud has developed on the 
primary capitulum near the point of attachment of one of the secondary 
capitula. XX 650. 

Figs. 53 and 54. Stages in the constriction of manubria of C. delicatula. 
X 800, 650. 

Fig. 55. Portion of an antheridial filament of C. delicatula in which the 
anaphase groups of chromosomes lie in diagonally opposite corners of the cells. 
X 1800. 

Fig. 56. Late anaphase stages in an antheridial filament of N. flexilis 
showing irregularities in distribution of chromosomes. The anaphase group 
numbered 1 is composed of but a single chromosome. XX 1000. 

Fig. 57. Slightly earlier anaphase stages than in the preceding figure. 
The anaphase group at the apex of the filament is composed of two chromo- 
somes. XX 1000. 

Fig. 58. Late telophase stages in an antheridial filament of N. flexilis 
preceding cell plate formation. Large and small nuclei are present in the 
cells marked a and b. XX 1000. 

Fig. 59. A mature filament of N. flexilis with large and small nuclei in 
adjacent cells. X 1000. 

Fig. 60. A globular manubrium of L. alopercoides which bore capitula 
at the two points marked g. XX 350. 

Fig. 61. A manubrium of C. delicatula with a small bud near the base. 
X 650. 

Fig. 62. A primary capitulum, a, of C. delicatula with four secondary 
capitula, none of which bear antheridial filaments. X 700. 

Fig. 63. A manubrium of C. delicatula with a large bud-like outgrowth 
near its apex. X 400. 

Fig. 64. Final stage in the constriction of a manubrium of C. delicatula. 
xX 600. 

Fig. 65. A manubrium of C. delicatula which bore capitula at two points. 
x 500. 

Fig. 66. A manubrium of C. delicatula with a bud, b, which is larger in 
size than the primary capitulum, a. X 500. 

Figs. 67 and 68. Late telophase stages preceding cell plate formation in 
antheridial filaments of N. flexilis. The cells marked a each contain two large 
and one small nucleus. X 1000. 

Fig. 69. Early anaphase stages in two terminal cells of an antheridial 
filament of C. delicatula, in which the chromosome groups are almost parallel 
and diagonal to the long axis of the filament. X 2200. 

Fig. 70. Equatorial plate stage in the terminal cell of a filament of C. 
delicatula. The equatorial plate lies parallel to the long axis of the filament. 
xX 1650. 

Fig. 71. Early anaphase stages in two terminal cells of an antheridial 
filament of N. flexilis showing irregularities in distribution of chromosomes. 
xX 1000. 
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Figs. 72 and 73. Mature filaments of N. flexilis with large and small 
nuclei. No nuclei are present in the cells marked 2 and 3. XX 1000. 

Fig. 74. A secondary capitulum, 7, of N. flexilis with two tertiary capi- 
tula, one of which, 2, bears a quaternary capitulum, 3. X 450. 


PLATE I4 


Fig. 75. A secondary capitulum of C. coronata f. maxima with four an- 
theridial filaments and a bud-like outgrowth which has been divided into two 
cells. XX goo. 

Fig. 76. A secondary capitulum of C. delicatula which bears a single ir- 
regularly partitioned filament. The cells marked a are unusually large in 
comparison with the cells marked 56. Large and small antherozoids are 
present in each of the cells, respectively. The regions indicated by f appear 
to be the outline of large original cells which were subsequently divided up 
into smaller cells. X 825. 

Fig. 77. A similar irregularly partitioned antheridial filament of C. del?- 
catula resembling a flat parenchyma of unequal cells. XX 825. 

Fig. 78. A conical outgrowth of cells on an antheridial filament of 
C. delicatula. The wall marked 2 is typically S-shaped. X L100. 

Fig. 79. A similar outgrowth on an antheridial filament of C. delicatula 
composed of unequal cells, a and 6. X 1600. 

Fig. 80. End of a filament of C. delicatula showing a cell fully six times 
as long as the other cells of the filament. X 825. 

Fig. 81. A primary capitulum of C. delicatula with two secondary capi- 
tula, one of which has been divided up into eleven unequal cells. x I100. 

Fig. 82. Terminal portion of an antheridial filament of C. delicatula 
which has apparently been doubled back on itself. XX 1000. 

Fig. 83. A secondary capitulum of C. delicatula with three antheridial 
filaments, two of which, a and 6, are unsegmented. X 800. 

Fig. 84. A secondary capitulum of C. delicatula with two antheridial 
filaments one of which is short, thick, and irregularly partitioned into large 
and small cells. X goo. 

Fig. 85. Division stages in an antheridial filament of C. delicatula 
showing the probable origin of irregularly partitioned filaments. X goo. 

Fig. 86. Wedge-shaped nuclei in the cells of a curved portion of an an- 
theridial filament of C. delicutula. X 825. 

Figs. 87 and 88. Curved portions of antheridial filaments of C. delicatula 
in which the central cell has been divided by curved walls. X 825. 

Fig. 89. A bent portion of an antheridial filament of C. delicatula show- 
ing the probable origin of branches. X 625. 

Fig. 90. Anaphase stages in a bent portion of a filament of C. delicatula 
in which the anaphase groups of chromosomes lie parallel to the long axis of 
the filament and the short axis of the cell. X 825. 

Fig. 91. A bent portion of a filament of C. delicatula which is irregularly 
divided up into cells. X 825. 
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The glabrate species of Tilia 
BENJAMIN FRANKLIN BusH 


It has long been apparent to me that there are two very dis- 
tinct species of Tilia in Jackson County, Missouri. Mr. Kenneth 
Mackenzie, who lived in Kansas City some six or seven years, 
and with whom I was associated in the publication of the Manual 
of the Flora of Jackson County, Missouri, wrote to me after he 
moved to New York, some time early in 1903, that he had a 
specimen of a 7ilia collected at Martin City, Jackson County, 
that differed from 7. Americana (T. glabra) in having the summer 
shoot and the under surface of the leaves thereof tomentose. 
Mr. Mackenzie gave me minute directions regarding how to find 
the tree at Martin City, from which he collected specimens. I 
went there during the summer of 1903, located the tree beyond 
any doubt, and took flowering specimens from it; but there was 
no sign of the tomentose character that Mr. Mackenzie men- 
tioned in his letter, the twigs, new shoots, bracts and flowers all 
being glabrous or nearly so. This naturally caused me to think 
that some error had been made, possibly by a misplaced label; 
or perhaps, through some mischance, Mr. Mackenzie had got 
hold of an aberrant branch, such as we sometimes see int -Cratae- 
gus; and I dismissed the matter from my mind. 

Two years after this I was collecting at Dodson, Missouri, 
but a few miles from Martin City, and I found a Tilia that 
certainly had the lower surface of the terminal leaves tomentose, 
or short hairy, but I was unable at the time to identify it with 
any other species than 7. Americana (T. glabra), and I let it go 
without special effort to identify it. 

During 1909 I saw this same form of Tilia at different places 
in the southern part of the County, and I observed it during 
several seasons until 1918, when Sargent published his two 
papers on the North American species of Tilia, but I could not 
identify my dubious Tilia with any species he described in these 
papers. 

In September, 1921, Mr. Palmer and I were collecting in the 
southern part of the County just south of Greenwood, and he 
called my attention to a tree new to Jackson County, which was 
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this same strange 7%/ia that I had been having so much trouble 
with since the summer of 1903. 

Upon asking Mr. Palmer what species of Tilia it was, he told 
me that it was 7. floridana, as so considered by Sargent in his 
revision of the species of 7i/za in the Botanical Gazette in 1918. 
We took good specimens at the time, and the next June I col- 
lected specimens from the same tree in fine flower, and dis- 
tributed these specimens to the principal herbaria in the country. 

During the summer and autumn of 1924, while engaged in 
indentifying the native trees and shrubs in Swope Park for the 
Park Board, I was prompted to study this so-called 7. floridana, 
with the interesting discovery that the glabrate species of Tilia 
are divisible into two groups: one, of which 7. glabra is the type, 
having summer-shoots and the leaves thereon always the same; 
and the other with the leaves on the summer-shoots tomentose 
on the under surface and often on the upper (in some of the 
species the summer-shoots themselves are tomentose); to this 
latter group this so-called 7. foridana belongs. 

Desiring to ascertain just how far this dual life of some 
species of 7ilia extends, I took up the study of the glabrate 
species, and have found that this character is present in the 
greater number of species of this group. 

During the course of this study I consulted every book and 
paper containing anything about 7ilia species that I could get, 
and I was somewhat astonished to find that the 7. floridana of 
Sargent and the 7. floridana of Small’s Flora are two very dif- 
ferent species. 

I have here before me Curtiss 401,* the type-sheet of 7. 
floridana, the type-specimens of 7. alabamensis, and many speci- 
mens from Missouri, Arkansas, Oklahoma, and Texas labeled 
T. floridana; and a study of these specimens has convinced me 
that what Sargent has been calling 7. floridana is really T. 
alabamensis. 

Several of the forms which Sargent has placed under 7. 
floridana as varieties, I have concluded are worthy of specific 
rank, which I am therefore giving them here; and I am proposing 
one new species, which seems by a number of good characters to 
be distinct enough to warrant recognition. 

Through the kindness of Prof. Wm. Trelease I have been 
able to examine all the 77/ia material in the University of IIl- 
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inois Herbarium. To Mr. Chas. C. Deam of Indiana, who 
placed at my disposal all the material of this genus in his collec- 
tion, and to Dr. P. C. Standley, of the United States National 
Museum, who kindly supplied me with certain 7ilia species 
which I desired, I am indebted, and I wish herein to acknowledge 
their assistance. To Mr. W. W. Ashe, of Washington, D. C., I 
am grateful for many suggestions, many notes on the character 
of the species, and the loan of all of his type material and num- 
erous specimens of Tilia; and it was through our collaboration 
that the peculiar character of the summer-shoots was discovered. 

To Prof. C. S. Sargent, pioneer in this field of study, who has 
labored for many years to distinguish the species of Tilia, | am 
under obligation for the loan of critical material, and the free use 
of his published papers on the species of the genus. 

Having examined some five or six hundred specimens of 
Tilia in the course of this investigation, I feel quite confident of 
the conclusions that I have come to and for the glabrate species 
I present the following: 


Key to glabrate species of Tilia 


Leaves creno-serrate; summer- 
shoots tomentose...... .. 5. TILIA CRENO-SERRATA 
Leaves glabrous as unfold 

or nearly so, soon gla- 

brous, or in a variety of 

T. glabra permanently 

minutely — short-pubes- 

cent beneath. 

Flowers less than 8 mm. 
long; corymbs_ small; 
summer-shoots tomen- 
tose; terminal leaves on 
shoots not cordate at the 
er 6. Tirta ASHEI 

Flowers 8-12 mm. long; 

corymbs mostly many- 
flowered; terminal 
leaves on shoots usu- 
ally cordate. 

Pedicels usually — gla- 
brous, or minutely 
scabrous; summer- 
shoots glabrous; co- 
rymbs mostly gla- 
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brous, many-flower- 

ed. 

Leaves glabrous be- 
neath 

Leaves permanently 
short-pubescent be- 
neath ; ia 

Pedicels usually tomen- 

tose or s abrous; 
summer-shoots _ to- 
mentose or scabrous. 

Bracts narrow. 

Leaves green or yel- 
low-green on the 
lower surface... . 

Leaves glaucous or 
glaucescent on the 
lower surface... . 

Bracts very broad, 
much longer than 
the peduncle; leaves 
glaucescent beneath. 
Leaves loosely tomentose as 
unfold, glabrate by flow- 
ering time. 

Pedicels glabrate by flower- 
ing time; leaves deep 
bronze-colored as unfold; 
summer-shoots glabrous. 

Pedicels permanently to- 
mentose or scabrous. 

Leaves nearly orbicular; twigs 

stout, red; flowers 10-12 

mm. long. 

Leaves mostly cordate at the 
base; primary veins of usu- 
ally 9 or 10 pairs; summer- 
shoots pubescent......... 

Leaves mostly obliquely trun- 
cate at the base, not cor- 
date; primary veins of 12 
I a ki nicsiaic da Hes 

Leaves ovate or longer; twigs 
rarely red (sometimes red 
in Cocksit). 

Leaves often densely glaucous 
beneath; upland species. . . 


1. TILIA GLABRA 


1A. TILIA GLABRA NEGLECTA 


2. TILIA LEUCOCARPA 


2A. TILIA LEUCOCARPA GLAUCESCENS 


2B. TILiA LEUCOCARPA BREVIPEDUNCULATA 


7. TILIA AUSTRALIS 


3. TILIA VENULOSA 


3A. TILIA VENULOSA MULTINERVIS 


8. TILIA HYPOLEUCA 








TA 
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Leaves green, pale or glau- 
cescent beneath. 
Terminal leaves on shoots 
never cuneate at the 
base. 

Leaves blue-green; twigs 
red or brown; summer- 
shoots tomentose; low- 
land species. ........ 

Leaves light green; twigs 

tan. 

Summer-shoots tomen- 
tose; leaves mostly 
small, broadly ovate, 
mostly cordate... .. 

Summer-shoots _ gla- 

brous; leaves 
larger. 

Leaves mostly 
round-ovate, 
mostly cordate at 


Leaves ovate- 
oblong, mostly ob- 

lique at the base. . 
Terminal leaves on shoots 
usually cuneate at the 
base, of an ovate type. 
Leaves larger, 8-10 cm. 
long, pale beneath... . 
Leaves smaller, 7-8 cm. 
long, glaucous _be- 
ae 


1. TILIA GLABRA Vent. 


g. Tria Cocks! 


10. TILIA FLORIDANA 


11. TILIA ALABAMENSIS 


11A. TILIA ALABAMENSIS OBLONGIFOLIA 


4. TILIA LITTORALIS 


4A. TILIA LITTORALIS DISCOLOR 


, An. Hist. Nat. 2: 62. 1800.—T7. 


Americana Am. Aucts., but probably not L. 1753, or at least in 
very small part.—This species, the type of the group, has the 
widest distribution of any species of the genus in North America, 
ranging from New Brunswick south to Eastern Kentucky, west 


to west-central Missouri, 


eastern and northeastern Kansas, 


north to Lake Superior and Saskatchewan; apparently a high- 


land species.'! 
Sargent states that 7. 


glabra has “‘lower surface of leaves 


1 That this study may be of greater benefit to collectors, I have cited a 
great many specimens, that everyone may know just what my opinions are 


in regard to these species. 
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light green and lustrous, with conspicuous tufts of axillary hairs; 
rays of the corymbs and pedicels glabrous, or in some specimens 
decidedly pubescent or scabrous; flowers opening early in July, 
12.5 mm. long, glaucous; fruit 8-12.5 mm. long, short-oblong, 
or oblong-ovoid.”’ 


CANADA: Quebec, Victorin 16311, August 28, 1922, D. Herb;? Wakefield, 
Victorin 10183, September 11, 1920, D. Herb.—New Jersey: Cranberry 
Lake, Mackenzie 2189, July 15, 1906, D. Herb.—PENNSYLVANIA: Warren, 
Ashe, August 1, 1924, A. Herb.—-MARYLAND: Alberton, Holm, June 1, 1913, 
U. of Ill. Herb.—District or Co_umBiaA: Washington, Ashe, October 17, 
1925, cultivated tree on Carnegie Library Square, A. Herb.—INpb1ANna: Bluff- 
ton, Deam 1200, July 17, 1906, U. of Ill. Herb.; Bluffton, Deam 14520, August 
16, 1914, D. Herb.; Bristol, Deam 31360, July 7, 1920, D. Herb.; Connelton, 
Deam 16597, June 29, 1915, D. Herb.; Chesterton, Deam 18008, August 22, 
1915, D. Herb.; Crawleyville, Deam 29168, August 17, 1919, D. Herb.; 
Cherubusco, Deam 14352, June 24, 1915, D. Herb.; Carmel, Deam 8695, June 
17, 1911, D. Herb.; Crawfordsville, Deam 17617, July 20, 1915, D. Herb.; 
Carmel, Deam 8688, June 17, 1911, D. Herb.; Camby, Deam 11455, July 4, 
1912, D. Herb.; Chesterfield, Deam 8152, May 14, 1911, D. Herb.; Gomiskey, 
Deam 28046, July 13, 1919, D. Herb.; Delphi, Deam 17762, July 22, 1915, D. 
Herb.; Dune Park, Chase 476, June 16, 1897, U. of Ill. Herb.; Denver, Deam 
36796, June 30, 1922, D. Herb.; East Mount Carmel, Deam 25470, June 18, 
1918, D. Herb.; Fairmount, Deam 14491, 32051, August 5, 1920, D. Herb.; 
Fort Wayne, Deam 14491, August 2, 1914, D. Herb.; Frankfort, Deam 17640, 
July 21, 1915, D. Herb.; Franklin, Deam 11868, June 8, 1912, D. Herb.; 
Gibson County, Schneck, June 28, 1890, D. Herb.; Griffin, Deam 8344, May 
24, 1911, D. Herb.; Greencastle, Deam 17567, July 8, 1915, D. Herb.; George- 
town, Deam 32113, August 21, 1920, D. Herb.; Hancock County, Deam 8876, 
June 24, 1911, D. Herb.; Hartville, Deam 36905, July 20, 1922, D. Herb.; 
Hillsdale, Deam 11923, August 4, 1912, D. Herb.; Howe, Deam 14981, August 
29, 1914, D. Herb.; Howe, Deam 36557, June 22, 1922, D. Herb.; Hudson 
Lake, Deam 8759, June 17, 1911, D. Herb.; Indianapolis, Deam 8589, June 6, 
1911, D. Herb.; Kentland, Deam 21531, August 30, 1916, D. Herb.; Lafayette, 
Deam 17697, July 20, 1915, D. Herb. Lafayette, Dorner, June 14, 1902, D. 
Herb.; Leesburg, Deam 34466, July 3, 1921, D. Herb.; Leavenworth, Deam 
16477, June 26, 1915, D. Herb.; Linngrove, Deam 31971, July 25, 1920, D. 
Herb.; Logans Port, Deam 17834, July 22, 1915, D. Herb.; Montpelier, Deam 
32062, August 5, 1920, D. Herb.; New Albany, Deam 9373, July 31, 1911, D. 
Herb.; Newburg, Deam 16687, July 2, 1915, D. Herb.; Newburg, Deam 16689, 
July 2, 1915, D. Herb.; Newburg, Deam 16714, July 2, 1915, D. Herb.; New 
Harmony, Deam 16799, July 4, 1915, D. Herb.; New Harmony, Deam 16826, 
July 4, 1915, D. Herb.; Parke County, Deam 9910, September 3, 1911 D. 


2 D. Herb., U. of Ill. Herb., A. Herb., and U.S. N. Herb., and A. A. Herb. 
denote the Deam Herbarium, University of Illinois Herbarium, Ashe Her- 
barium, the United States National Museum Herbarium and Arnold Arbor- 
etum Herbarium, respectively. 
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Herb.; Pekin, Deam 18990, September 12, 1915, D. Herb.; Peru, Deam 17904, 
July 24, 1915, D. Herb.; Plymouth, Deam 29661, September 11, 1919, D. 
Herb.; Peru, Deam 17899, July 24, 1915, D. Herb.; Parke County, Deam gg10, 
September 3, 1911, D. Herb.; Pine Village, Deam 9694, August 16, 1911, D. 
Herb.; Porter County, Deam 8824, June 17, 1911, D. Herb.; Patoka, Deam 
16871, July 6, 1915, D. Herb.; Patoka, Deam 16873, July 6, 1915, D. Herb.; 
Patoka, Deam 16909, July 6, 1915, D. Herb.; Patoka, Deam 16915, July 6, 
1915, D. Herb.; Raccoon, Deam 17572, July 8, 1915, D. Herb.; Rome City, 
Deam, July 21, 1904, D. Herb.; Romona, Deam 8958, June 25, 1911, D. Herb.; 
Riverdale, Deam 17300, July 13, 1915, D. Herb.; Redkey, Deam 15430, Sep- 
tember 13, 1914, D. Herb.; Redkey, Deam 15431, September 13, 1914, D. 
Herb.; Saint Paul, Deam 9213, July 15, 1911, D. Herb.; Shawnee Ridge, 
Deam 18191, August 25, 1915, D. Herb.; Shelbyville, Deam 20607, June 30, 
1916, D. Herb.; Southbend, Deam 31414, July 8, 1920, D. Herb.; Starke 
County, Deam 9651, August 15, 1911, D. Herb.; Shoals, Deam 11396, June 30, 
1912, D. Herb.; Shoals, Deam 17133, July 10, 1915. D. Herb.; Springville, 
Deam 31462, July 9, 1920, D. Herb.; Salem, Deam 17420, July 15, 1915, D. 
Herb.; Spencer, Deam 17514, July 17, 1915, D. Herb.; Spencer, Deam 17525, 
July 17, 1915, D. Herb.; Spencer, Deam 17539, July 18, 1915, D. Herb.; 
Steuben County, Deam 9274, September 20, D. Herb.; The Shades, Deam 
9274, July 23, 1911, D. Herb.; The Shades, Deam 17584, July 19, 1915, D. 
Herb.; The Shades, Deam 17587, July 19, 1915, D. Herb.; Tioga, Deam 8880, 
June 25, 1911, D. Herb.; Topeka, Deam 31285, June 6, 1920, D. Herb.; 
Vernon, Deam 11298, June 23, 1912, D. Herb.; Versailles, Deam 16128, June 
18, 1915, D. Herb.; Versailles, Deam 16128, June 18, 1915, D. Herb.; Ver- 
sailles, Deam, June 18, 1915, D. Herb.; Versailles, Deam 16131, June 18, 1915, 
D. Herb.; Wabash, Deam 17909, July 24, 1915, D. Herb.; Wells County, 
Deam August 27, 1889, D. Herb.; West Baden, Deam 17363, July 14, 1915, 
D. Herb.; Winamac, Deam 32202, August 22, 1920, D. Herb.—ILLINot!s. 
Algonquin, Nason, July 14, 1878, U. of Ill. Herb.; Canton, Wolf, date not given, 
U. of Ill. Herb.; Camp Grant, E. W. M., June 15, 1919, U. of Ill. Herb.; 
Carlinville, Andrews, June 30, 1890, U. of Ill. Herb.; Carlinville, Andrews, 
June 30, 1890, U. of Ill. Herb.; Coffee Mill, E. W. M., September 17, 1919, 
U. of Ill. Herb.; Desplaines Valley, Chase, June 24, 1895, U. of Ill. Herb.; 
Elgin, Sherff 1941, September 14, 1912, U. of Ill. Herb.; Grayville, E. W. M., 
September 14, 1919, U. of Ill. Herb.; Hanging Rock, Schneck May 15, 1898, 
U. of Ill. Herb.; Jasper County, Ridgway 1585, October 24, 1921, R. Herb.; 
Maywood, Chase, June 24, 1896, U. of Ill. Herb.; Mount Carmel, Schneck, 
June 1, 1901, U. of Ill. Herb.; Mud River, Chase, July 5, 1900, U. of Ill. Herb.; 
Peoria, McDonald, June 1884, U. of Ill. Herb.; Richland County, Ridgway 544, 
July 19, 1921, R. Herb.; Richland County, Ridgway 547, July 19, 1921, R. 
Herb.; Richland County, Ridgway, July 19, 1921, R. Herb.; Richland County, 
Ridgway, 1500, October 1, 1921, R. Herb.; Richland County, Ridgway, 1501, 
October 1, 1921, R. Herb.; Richland County, Ridgway, 1501, October 1, 1921, 
R. Herb.; Richland County, Ridgway, 1556, October 12, 1921, R. Herb.; Rich- 
land County, Ridgway, 1556, October 12, 1921, R. Herb.; Richland County, 
Ridgway, 2169, August 12, 1924, R. Herb.; Richland County, Ridgway, 2169, 
August 12, 1924, R. Herb.; Richland County, Ridgway, 2170, August 12, 1924, 
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R. Herb.; Riverside, Lansing 1445, July 22, 1902, U. of Ill. Herb.; Taylorville, 
De Motte, June 13, 1896, U. of Ill. Herb.; Thornton, Lansing, 1396, July 14, 
1902, U. of Ill. Herb.; Urbana, G. G., October 14, 1898, U. of Ill. Herb.; Ur- 
bana, G. P. C., Winter, 1898, U. of Ill. Herb.; Urbana, Waite, June 21, 1886, U. 
of Ill. Herb.; Urbana, E. W. M. 38, September 28, 1919, U. of Ill. Herb.; Wady 
Petra, Chase 661, July 5, 1900, U. of Ill. Herb.; Wady Petra, Chase 862, Sep- 
rember 28, 1900, U. of Ill. Herb.; Wady Petra, Chase, September 28, 1900, U.of 
Ill. Herb.; Wady Petra, Chase 661, July 5, 1900, U. of Ill. Herb.; Williamsville, 
Chase 1854, July 5, 1908, U. of Ill. Herb.— Missouri: Allenton, Kellogg, July 2, 
1910, A. A. Herb.; Atherton, Mackenzie 91, August 1, 1902, D. Herb.; Camp- 
bell, Bush 9293, October 17, 1920, U. of Ill. Herb.; Courtney, Bush 96974, 
September 30, 1921, U. of Ill. Herb.; Courtney, Bush 9697B, September 30, 
1921, U. of Ill. Herb.; Courtney, Bush 7140, June 15, 1914, U. of Ill. Herb.; 
Dumas, Bush 10129, July 27, 1923, U. of Ill. Herb.; Dumas, Bush 1o12gA, 
July 27, 1923, U. of Ill. Herb.; Ilasco, Davis 2164, September 30, 1914, A. A. 
Herb.; Webster Grove, C. F., June 29, 1917, U. of Ull. Herb.—Miucuican: 
Burt Lake, Deam 28831, July 24, 1919, D. Herb.; Granger, Fuller, month not 
given, 1911, U. of Ill. Herb.; Glen Haven, Cowles, August 19, 1906, U. of IIL. 
Herb.; Lansing Yuncker, 531, August 12, 1917, U. of Ill. Herb.—MINNEsoTA: 
Dent, Bergman 2851, July 10, 1913, D. Herb.; Perham, Chandonnet, July 14, 
1910, D. Herb.* 


1A. TILIA GLABRA NEGLECTA (Spach) n. var.—T. neglecta 
Spach, Ann. Sci. Nat. II. 2: 140. 1834.—I have not been able 
to see many specimens of this form, but those cited below appear 
to me to represent this species or variety, which, after all, may 
be merely a form of 7. glabra. Ashe‘ lays great stress on the 
straight, simple, firmly attached pubescence on the lower surface 
of the leaves; but I have seen specimens of 7. glabra from Indiana 
Illinois, Missouri, Michigan, and Minnesota that had this 
character well developed, but they were true 7. glabra, and Mr. 
Deam bears me out in this statement. 
Connecticut: Guilford, Trelease, August 1921, U. of Ill. Herb.; Stony 


Creek, Trelease, July, 1921, U. of Ill. Herb.; Stony Creek, Trelease, July, 1921 
U. of Ill. Herb.; Stony Creek, Trelease, July 29, 1921, U. of Ill. Herb. 


2. TILIs LEUCOCARPA Ashe, Bull. Charleston S. Car. Mus. 
14: 32. October 24, 1918.—T. nuda Sargent, Bot. Gaz. 66: 425. 
November, 1918.—Alabama to Texas and extreme southeastern 
Arkansas, apparently a lowland species. 


* | have examined three specimens collected by Miss Mulford at Santa Fe, 
New Mexico, labeled Tilia. These specimens are certainly T. glabra, and 
judging by the labels were collected from wild trees; but it seems so very im- 
probable that 7. glabra should be found in New Mexico that I have refrained 
from citing these specimens as collected in the known range of this species. 

* Bot. Gaz. 53: 32. 1926. 
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Mr. Ashe wrote me that the type-specimen of 7. leucocarpa 
has a tomentose summer-shoot. He did not mention this in his 
descripion of this species, since he thought the specimen was 
aberrant in this respect. 

Sargent says of T. nuda, ‘‘ buds ovoid, obtusely pointed, dull 
red, glabrous, 4-5 mm. long; flowers opening early in June, 8 mm. 
long, on densely hoary-tomentose pedicels, in broad glabrous 
cymes; fruit ripening in September, subglobose to depressed- 
globose, covered with rusty tomentum, 6-8 mm. in diameter; 
leaves usually without tufts of axillary hairs, the lower surface 
not lustrous.” 

In the specimens examined by me, I have found that the 
leaves are never lustrous, and that the inside of the sepals are 
glabrous, the only species of the genus having this character. 

Texas: Livingston, Ashe 41, September 22, 1923, A. Herb.—Mississippt: 
Natchez, Miss Compton, April 10, 1925, A. Herb.; this specimen and the next 
cited from type-tree of JT. nuda; Natchez, Miss Compton, April 10, 1925.— 
ALABAMA: Demopolis, Ashe 42, June 2, 1925, A. Herb.; Demopolis, Ashe 43, 
June 2, 1925, A. Herb.; Greensboro, A she 41, April 28, 1925, A. Herb.; Greens- 
boro, Ashe 41, June 2, 1925, A. Herb.; Greensboro, Ashe 42, June 2, 1925, A. 
Herb.; Greensboro, Ashe 42, April 26, 1925, A. Herb.; Greensboro, Ashe 42, 
June 2, 1925, A. Herb.; Greensboro, Ashe 41, April 18, 1925, A. Herb.; Greens- 
boro, Ashe 41, June 2, 1925, A. Herb.; Greensboro, Ashe 42, April 28, 1925, 
A. Herb.; Greensboro, Ashe 42, July, 1925, A. Herb.; Greensboro, Ashe 42, 
June 2, 1925, A. Herb.; Greensboro, Ashe 3, September 30, 1918, A. Herb.; 
Greensboro, Ashe 3, September 30, 1918, A. Herb.; Greensboro, Ashe 3, 
May, 1909, A. Herb.; all these numbered 3 are the type-sheets of 7. leuco- 
carpa; Selma to Marion, along the road, Ashe 40, June 2, 1925, A. Herb.; 
Greensboro, Ashe 42, July 28, 1925. 

2A. TILIA LEUCOCARPA GLAUCESCENS (Sargent) N. C.—T. 
nuda glaucescens Sargent, Bot. Gaz. 66: 427. 1918.—Alabama 
to Louisiana and Texas, apparently a lowland or coastal species. 

Summer-shoots tomentose or pubescent; leaves glaucous 
beneath. I have not been able to see many specimens of this 
form and cannot be sure whether it is distinct from the specific 
form, as the glaucous under-surface of the leaves would indicate, 
or whether it is merely a form not worthy of recognition.® 


ALABAMA: Lawley, Harper, June 11, 1924, U. of Ill. Herb. 


* Ashe has recently pointed out that this species frequently occurs in a 
form that has the leaves attenuate-acuminate. This may be known as 
TILIA LEUCOCARPA forma ATTENUATA Ashe, collected at Greensboro, Alabama, 
Ashe 41, June 2, 1925. 
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2B. TILIA LEUCOCARPA BREVIPEDUNCULATA (Sargent) 
Ashe, N. C.—T. nuda brevipedunculata Sargent, Bot. Gaz. 66: 
427. 1918.—Alabama and Mississippi to extreme southwestern 
Arkansas, Louisiana and Texas. 

Doubtless a good distinct species, but in deference to Mr. 
Ashe’s wishes, I am merely transfering this form to 7. leucocarpa. 
Summer shoots tomentose or pubescent; bracts very broad, 
(narrow in leucocarpa). 

Sargent says of this form, “‘leaves ovate, finely crenate- 
serrate with gland-tipped teeth; dark red-brown branchlets, 
slender, glabrous.” 


OKLAHOMA: McCutcheon County, Ashe 68, August 28, 1921, A. Herb.— 
TEXAs: Woods County, Ashe 37, September 16-17, 1921, A. Herb. 


3. TILIA VENULOSA Sargent, Bot. Gaz. 66: 428. i918.— 
North Carolina, apparently a mountainous species. Summer- 
shoots pubescent with long subappressed hairs; leaves with 
beautifully anastomosing veins. 

Sargent says of this species, “‘leaves hoary-tomentose when 
they unfold, the veinlets conspicuous; branchlets stout, bright 
red; flowers opening early in July, 8 mm. long, on slightly pub- 
escent pedicels; fruit ripening at the end of September, sub- 
globose, 6-8 mm. in diameter, covered with loose light-brown 
pubescence.”’ 

NorTH CAROLINA: Hickory Nut Gap, Ashe 7A, May 28, 1916, TYPE, A. 
Herb.; Catawba, Bilt. Herb, May 18, 1904, U. S. N. Herb. 960281, labeled 
*Tilia,”’ “‘A species to be described by Mr. Ashe.’’ Penciled T. eburnea by 
someone just below the label, but this sheet is really 7. venulosa, and one of 
the glabra group, while eburnea is the same or nearly the same as T. lasioclada 
Sargent. When Mr. Ashe described 7. eburnea in 1902, he mentioned in the 
description another species of Tilia growing with T. eburnea, which perhaps 
was what caused Mr. Beadle to write as above; Old Fort to Swananoa Gap 
along the road, Ashe, October, 1916, A. Herb.; Round Knob, Ashe April 25, 
1925, A. Herb.; Round Knob, Ashe, May 1, 1925, A. Herb.; Round Knob, 
Ashe, July 25, 1925, A. Herb.; Round Knob, A she, October 14, 1925, A. Herb.; 
Swananoa Gap, Ashe, April 25, 1916, A. Herb.; Swananoa Gap, A she, April 25, 
1916, A. Herb. 

3 A. TILIA VENULOSA MULTINERVIS Sargent, Bot. Gaz. 66: 
428. 1918.—North Carolina, only a single tree known. I have 
not been able to see any specimen of this form, which, so far as 
known, consists of a single tree near Saluda, North Carolina. It 
may belong to 7. venulosa, or it may be entirely distinct; only 
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further observations can decide this, and for the present it may 
remain where Sargent placed it. 

4. TILIA LITTORALIS Sargent, Bot. Gaz. 66: 428. 1918.— 
Georgia, and perhaps elsewhere along the coast, as it appears to 
be a lowland or coastal form. The glabrous summer-shoots, 
small, glabrous, unsymmetrical leaves, and conspicuous tufts of 
axillary hairs and densely pubescent pedicels seem to mark this 
as a distinct species. Sargent says of this, “fruit ellipsoid to de- 
pressed-globose, apiculate, covered with pale brown tomentum; 
flowers 8 mm. long; leaves hoary-tomentose when they unfold.”’ 

4A. TILIA LITTORALIS DISCOLOR Sargent, Bot. Gaz. 66: 430. 
1918.—A single tree is known, on Colonel's Island Georgia, 
growing with the typical form. As there is no further evidence 
that this is a distinct form, it may well be only an individual 
variation of the species, such as are often seen of other species 
in the field; but until further observations and collections are 
made, it may be retained where placed by Sargent. 

It is assumed that this form has, like the species, glabrous 
summer-shoots, and is a lowland or coastal form. 

5. TILIA CRENOSERRATA Sargent, Bot. Gaz. 66: 430. 1918.— 
T. floridana Sargent, Man. 672, in part, 1903, not 7. floridana 
Small, 1903.—Georgia and Florida, and perhaps elsewhere along 
the coast, as it appears to be a lowland or coastal species. 

The small, ovate or round-ovate, crenate or crenate-serrate 
leaves mark this so distinctly that it cannot be confused with any 
other species. Sargent says of this, “slender, glabrous, red- 
brown branchlets’’—which may refer to the early branchlets, for 
the summer-shoots of this species are tomentose or pubescent. 


FLORIDA: Salt Spring, Ashe, April 14, 1923, A. Herb.; Salt Spring, Ashe, 
June 10, 1925, A. Herb.; Gainesville, Ashe 27, June 9, 1925. 


6. Tilia Ashei sp. nov. Leaves ovate or at tips of vigorous 
shoots oblong-ovate, or slightly obovate, 6 to 9 cm. long, 4.5 
to 6.5 cm. wide, abruptly short-acuminate at apex, oblique at the 
truncate base, or at the base of shoots or on weak shoots obliquely 
cordate at base, sharply serrate with small glandular often in- 
curved teeth, or on weak shoots finely serrate with straight teeth, 
when they unfold bronze-colored, the edges permanently ciliate, 
glabrous on the upper surface except for a few simple straight 
appressed hairs, some of which are often persistent and make the 
upper surface scabrate, glabrous on the lower surface except for 
occasional small tufts of fascicled pubescence along the midrib 
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and veins as they unfold which are early deciduous, or with a few 
long appressed simple hairs on midrib or petiole; when the flowers 
open thick and firm, dark green and lucid above, glabrous or 
scabrous near the edges, much paler, and dull glaucescent be- 
neath occasionally with minute axillary tufts, and a few simple 
straight appressed hairs on midrib otherwise glabrous except for 
the margins which are permanently ciliate; petioles glabrous, or 
rarely with a few simple straight appressed hairs, seldom more 
than 2 cm. long, usually bent at a sharp angle near the middle; 
leaves on summer shoots larger and thicker, cuneate or rounded 
at base, with small distant glandular spiculate teeth, as they un- 
fold pubescent above with straight appressed hairs mixed along 
the veins with fascicled hairs, the lower surface, as well as petioles 
and summer shoots tawny or grayish tomentose, at length loosely 
pubescent; stipules broadly lanceolate, acuminate, silky canescent 
on both sides. Twigs slender, seldom 3 mm. thick, glabrous as 
they appear, dark brown or purplish the first winter; buds ovate, 
obtuse, small, glabrous, dark red-brown or purplish. Flowers 
6 to 7 mm. long on slender loosely pubescent pedicels in compact 
9 to 18-flowered pubescent corymbs, peduncle slender sparingly 
stellate pubescent for at least a few days; sepals ovate-lanceolate, 
acuminate, 5 mm. long, gray pubescent without, silky canescent 
at base within; staminodea as long as the sepals; petals broadly 
lanceolate about 1.5 mm. wide and about 5 mm. long; style 5 mm. 
long, villose at base; fruit about 7 mm. thick, is subglobose and 
covered with short grayish tomentum; bract usually longer than 
the corymbs is oblong 5 to 9 cm. long, 1.5 to 2.5 cm. wide, mostly 
rounded at both ends, somewhat uneven at base, nearly sessile, 
glabrous on both faces except for scattered pubescence along the 
peduncle before the flowers open. 


A small tree, 5 to 10 m. high, growing with Tilia floridana 
Small, 7. porracea Ashe, Acer barbatum Mx., and Quercus lauri- 
folia Mx. on slopes along streams and particularly at stream 
heads in western Florida. The flowers appear about the middle 
of June, somewhat later than those of 7. floridana, and the fruit 
ripens in September. Hickory Head, Okaloosa County, W. W. 
Ashe, April 25, June 20, 1923, and November 7, 1924, from the 
same tree (No. 3, type). Shore of Choctawhatchee Bay near 
Pippin Point, Walton County, W. W. Ashe, April 25, May 27, 
October 25, 1923 (No. 1, P. P.). Turkey Head, Okaloosa County, 
W. W. Ashe, April 25, 1923, June 13, 1925 (No. 47) 

TiL1A AsHEI resembles 7. floridana in size and habit and in 
size and shape of its leaves, and in having, like that species in its 
typical form, pubescent summershoots. Itdiffersfrom 7. floridana 
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in having leaves bronze colored and essentially glabrous as they 
unfold, as a rule devoid of axillary tufts, thick, dark green and 
when mature lucid on the upper surface, in its somewhat later 
time of flowering and in its smaller and more compact corymbs. 


The proposed species resembles 7. leucocarpa Ashe in having 
glabrous foliage, bronze as it unfolds, and in its small compact 
corymbs and pubescent summer shoots; but is separated from all 
forms of that species by having smaller flowers, dark green lucid 
leaves of narrower outline and by having the leaves on the 
summer shoots ovate and prevailingly narrowed at base in place 
of deltoid and truncate or cordate. 


Mr. Ashe originally referred this tree to 7. floridana, and 
later to T. Cocksii. It differs from 7. floridana in having (1) 
deep bronze-red leaves as they unfold (the leaves are green in 
T. floridana); (2) leaves practically glabrous (except strongly 
ciliate) before full grown (in 7. flortdana pubescent always until 
grown) ; (3) bracts glabrous from the start (more or less tomentose 
until flowering time in 7. floridana); (4) flowers mostly in small 
corymbs (corymbs generally large in 7. floridana); (5) flowers 
always compact (in 7. floridana always wide-spreading even if 
corymbs are very small); (6) leaves on summer shoots ovate, 
narrowed at base (in 7. floridana leaves on summer shoots 
broadly ovate, truncate, or broadly cordate at base); (7) leaves 
on summer-shoots crenate-serrate (7. floridana leaves on summer 
shoots are serrate with sharp incurved teeth); (8) leaves dark 
lucid green (7. floridana leaves are bright green). 

From 7. Cocksi it differs in having (1) leaves and bracts 
smooth beneath as they are unfolding (in 7. Cocksti the leaves 
and bracts are tomentose as they are unfolding); (2) leaves dull 
and glaucescent below (in 7. Cocksiit blue-green and lustrous 
belew); (3) fruit ripening in September (7. Cocksii ripens its 
fruit in July); (7) buds small and obtuse (acute in Cocksiz). 

From 7. leucocarpa this species differs in having (1) flowers 
6-7 mm. long (8-10 mm. long in 7. leucocarpa); (2) flowers in 
smaller, more compact corymbs (widely spreading in 7. leuco- 
carpa); (3) narrower leaves, dark green and lucid above and 
pale (not yellowish-green) beneath (yellowish-green beneath in 
T. leucocarpa) ; (4) leaves on summer shoots oval or prevailingly 
narrowed at the base (in 7. leucocarpa the leaves on summer 
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shoots are deltoid or broadly ovate or cordate, or truncate at the 
base). 

FLoripa: Hickory Head, Ashe 3, April 23, 1923, A. Herb.; Hickory Head, 
Ashe 3, April 23, 1923, A. Herb.; Hickory Head, Ashe 3, June 20, 1923, A. 
Herb., all these numbered 3, the type; Pippin Point, Ashe, April 25, 1925, A. 
Herb.; Pippin Point, Ashe, May 29, 1923, A Herb.; Pippin Point, Ashe, 
October 25, 1923, A. Herb.; Turkey Head, Ashe 47, April 25, 1923, A. Herb.; 
Turkey Head, Ashe 47, June 13, 1925. 

7. TILIA AUSTRALIS Small, Fl. S. E. U. S., 761. 1903.—T. 
floridana australis (Small) Sargent, Bot. Gaz. 66: 435. 1918. 
T. pubescens Aitoni forma glabrata Engler, Monog. Tilia, 129, in 
part, 1909.—Restricted to the rough mountainous region of 
middle Alabama. It is very common there, and may occur in 
the mountainous parts of the adjacent states. 

The summer-shoots are glabrous (tomentose in 7. floridana); 
flowers very large (very small in 7. floridana); inflorescence not 
widely spreading in fruit (wide-spreading in 7. floridana) ; pedicels 
glabrous or glabrate at flowering time (permanently tomentose 
in 7. floridana and 7. alabamensis); bracts glaucous; leaves 
large, thick, glaucous beneath. 

Sargent, in his Tilia paper and in his Manual of Trees, does 
not recognize this as a species; but in this he has done the species 
a great injustice, as it is better separated from 7. floridana than 
is his 7. nuda (T. leucocarpa Ashe). 

ALABAMA: Warnock Mountain Summit, Blount County, C. Mohr, June 26, 
1895, type or co-type of T. australis, U. S. N. Herb. No. 774633. labeled T. 
heterophylla, the heterophylla drawn through with pencil and Amer. written 
above it; Addison to Houston, along the road, Ashe 80, May 27, 1925, A. 
Herb.; Addison to Moreland, along the road, Ashe 80, May 27, 1925, A. Herb.; 
Addison to Moreland, along the road, Ashe 75, May 27, 1925, A. Herb.; Ad- 
dison to Moreland, along the road, Ashe 37, May 27, 1925, A. Herb.; Double 
Springs, Ashe, June 10, 1925, A. Herb.; Lawrence County, Ashe, May 26, 
1925, A. Herb.; Lawrence County, Ashe 35, May 25, 1925. 

8. TILIA HYPOLEUCA (Sargent) Ashe, Bull. Charleston S. Car. 
Museum 31. 1925.—T7. floridana hypoleuca Sargent, Bot. Gaz. 
66: 436. 1918.—Missouri and Arkansas, in the Ozark region, 
apparently a highland species. 

Sargent at one time regarded all the glaucous, large-leaved 
T. floridana material from Arkansas and southern Missouri as 
T. australis. 

Ashe, in his description of 7. hypoleuca, does not mention 
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Sargent’s var. hypoleuca, but his description is of that form, and 
he has written me that the two are the same. 

The glabrous summer-shoots, the larger flowers, and the 
glaucous or glabrous, broad, large leaves, distinctly separate 
this from floridana; but I am not sure this is anything more than 
a glabrous form of 7. heterophylla tenera Ashe, the 7. Michanxit 
of authors, not Nuttall, 1842. 


Missour!: Galena, Palmer 5648, U. S. N. Herb. No. 588394, labeled T. 
americana L., in ink, but the americana crossed out with pencil and australis 
penciled above it by Sargent; Eagle Rock, Palmer 6311, July 17, 1914, U.S. N. 
Herb. No. 588616, labeled T. Michanxii Nutt., but the Michanxii crossed out 
with pencil and australis penciled above it by Sargent; Branson, Palmer 5896, 
June 8, 1914, U.S. N. Herb.; Branson, Palmer 5896, June 8, 1924, A. A. Herb.; 
Mansfield, Palmer 6254, July 10, 1914, A. A. Herb.; Galena, Palmer 10565, 
July 25, 1916, A. A. Herb.; Elk Springs, Palmer 4285, September 11, 1913, 
A. A. Herb.; Eagle Rock, Palmer 6287, July 16, 1914, A. A. Herb.; Galena, 
Palmer 4616, October 10, 1913, A. A. Herb.; Galena, Palmer 10566, July 25, 
1916, A. A. Herb.; Eagle Rock, Bush 3211, August 10, 1905, A. A. Herb.; 
Noel, Bush 5983, October 8, 1909, A. A. Herb.—ArKANsAs: Cotter, Palmer 
5943, June 12, 1914, A. A. Herb., type of 7. floridana hypoleuca Sargent; 
Cotter, Palmer 10555, July 24, 1916, A. A. Herb., from type station; Cotter, 
Palmer 10559, July 24, 1916, A. A. Herb., from type station; Pine Creek, 
Ashe 43, May 8, 1924, A. Herb.; Pine Creek, Ashe 47, May 13, 1924, A. 
Herb., type of 7. hypoleuca Ashe; Creek Mountains, Montgomery County 
Pope, May 2, 1924, A. Herb.; Clinton, Ashe, September, 1923. 


g. Tit1A Cockst Sargent, Bot. Gaz. 66: 437. 1918.—Loui- 
siana, and probably elsewhere along the coast, as it appears to be 
a lowland or coastal species. 

Summer-shoots are tomentose or pubescent; leaves beneath 
and bracts when young are tomentose; leaves are dark blue-green, 
extremely oblique at base; leaves and bracts are floccose-pub- 
escent when they first appear; flowers appear in April. 

Sargent says of this species, ‘“‘leaved subcoriaceous, covered 
below with articulate hairs when young, finely serrate, bluish- 
green and lustrous below; tufts of Axillary hairs small or want- 
ing; summer-shoots pubescent; flowers opening the middle of 
May, 6 mm. long, on tomentose pedicels, in compact pubescent, 


many-flowered cymes; twigs slender, dull red; buds ovoid, acute, 
dull red.”’ 


LoutsIANA: Lake Charles, Sargent, March 26, 1911, U. S. N. Herb. No. 
586820, labeled 7. leiophylla Small; from type trees of T. Cocksii. 


10. TILIA FLORIDANA Small, Fl. S. E. U. S., 761. 1903.—T. 
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pubescens var. A. Aitonii forma glabrata Engler, Monog. Tilia, 
129. 1909, in part.—T7. Carolinians var. B floridana (Small) 
Engler, Monog. 7ilia, 132. 1909.—T7. floridana Ashe, Sargent, 
by error, in Bot. Gaz. 66: 431. 1918, and in Manual of Trees of 
N. Am., 737. 1922. 

A lowland or coastal species having a greater range than any 
species of Tilia in North America, excepting the type-species, 
T. glabra, ranging from eastern North Carolina to Georgia, 
Florida, Alabama, Louisiana, extreme southwestern Arkansas, 
eastern and southern Texas, and perhaps northeastern Mexico; 
the trees of Missouri, Kansas, and the elevated portions of 
Arkansas, Oklahoma and Texas belong more properly to 7. 
alabamensis, a species more closely related to 7. glabra. 

T. floridana has permanently pubescent pedicels, small 
flowers, narrow sepals, narrow leaves, usually unsymmetrical 
and glaucous beneath, mostly ovate fruit and slender twigs; 
leaves are longer and narrower than those of leucocarpa. 

This species appears to be confined to the long-leaf pine 
region. The greater part of the material from Missouri, Arkansas, 
Oklahoma and Texas referred by Sargent to 7. floridana, appears 
to me to be either 7. alabamensis or T.leucocarpa brevipedunculata. 

Sargent describes 7. floridana Ashe in his 7ilia paper in the 
Botanical Gazette and in his Manual of the Trees of North 
America; but this is an error, as the species was described by 
Small in his Flora in 1903. Under 7. creno-serrata Sargent cites 
as synonym, 7. floridana Sargent, not Small, leaving it to be 
inferred that there was a 7. floridana of Small, different from the 
T. floridana Ashe. 

Sargent states that the summer-shoots of 7. floridana are 
glabrous, which shows that it was very evident that he had seen 
no specimens of it from western Florida (type locality), where 
all the trees have tomentose or pubescent summer-shoots. It is 
very evident that Sargent mistook 7. alabamensis for this species. 

Sargent says of this species, “‘flowers 5-6 mm. long (flowers 
of T. alabamensis 10-12 mm. long), on hoary tomentose pedicels; 
fruit ripening in August and September, subglobose, or ellipsoid, 
rusty-tomentose, 12.5 mm. in diameter; leaves below with articu- 
late hairs when young; summer-shoots not pubscent (7. alabam- 
ensis is here disclosed, the real T. floridana having tomentose or pub- 
escent summer-shoots); leaves with or without tufts of axillary 
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hairs, green or glaucescent beneath; twigs red-brown or yellow; 
buds obtuse.” 

I have devoted more space to this species, perhaps, than the 
occasion warrants, but I wish to establish the identity of a 
species that has been obscured in Sargent’s publications. In 
Sargent’s paper on 7ilia, published 1918, several different forms 
are referred to the species 7. floridana, thereby obscuring the 
identity of what really is a very distinct species. 


ALABAMA: Jackson, Dr. Henry, August 24, 1888, from Mohr Herb., 
U.S. N. Herb. No. 774634, labeled T. Americana L.—MississipPPi: De Soto, 
C. Mohr, June 5, 1894, from Mohr Herb. U. S. N. Herb. No. 774635, labeled 
T. Americana L.—FLoripa: Jackson County, Curtiss 401, June, type-specimen 
or co-type, U. S. N. Herb. No. 13520, labeled T. Americana L. var. pubescens 
Gray; Choctawhatchee, Ashe 2, October 25, 1923, A. Herb.; Bear Creek 
Head, Ashe 16, June 6, 1925, A. Herb.; Bear Creek Head, Ashe 16, June 6, 
1925, A. Herb.; Bear Creek Head, Ashe 16, June 6, 1925, A. Herb.; Bear 
Creek, Ashe 16, June 6, 1925, A. Herb.; Bear Creek Head, Ashe 19, 1925, A. 
Herb.; Bear Creek Head, Ashe 19, June 6, 1925, A. Herb.; Turkey Creek Head, 
Ashe 23, May 29, 1923, A. Herb.; Turkey Creek Head, Ashe 23, November 7, 
1924, A. Herb.; Turkey Creek Head, Ashe 24, June 1, 1923, A. Herb.; Mariana, 
Bilt, Herb., April 20, 1899, from Bilt, Herb., U.S. N. Herb. No. 960276, labeled 
T. Americana L.—Lovutsiana: Many, Ashe 2, October 13, 1921, A. Herb.; 
Many, Ashe 2, June 18, 1925, A. Herb.; Many, Ashe 2, March 30, 1925, A. 
Herb.; Many, Ashe 2, March 30, 1925, A. Herb.; Many, Ashe 2, September, 
1925, A. Herb.—ArKAnsAs: Fulton, Bush 5647 B, May 19, 1909, U. S. N. 
Herb. No. 587107, labeled T. leiophylla by Bush; this locality is probably the 
northern limit of this species. 


11. TILIA ALABAMENSIS Ashe, Bull. Charleston S. Car. Mus. 
14. October 24, 1918.—T7. floridana Sargent, in large part, Bot. 
Gaz. 66: 431, 1918, and Manual of the Trees of N. Am., 737, 
1922, not Small, 1903.—T7. Floridana alabamensis Ashe, Bull. 
Charleston S. Car. Mus. June 30, 1925.—Alabama and Georgia 
to Louisiana, Arkansas, Missouri, and Texas. This is the north- 
ern tree of the more elevated regions, with round-ovate, tomen- 
tose or cordate leaves, acute buds and glabrous summer-shoots. 

Ashe says of this species,® “since the flowers of this form seem 
so much like those of floridana, it at present seems best to con- 
sider this as a long-leaved variety of that species, notwithstand- 
ing its different habitat, growing in swamps, whereas floridana 
is a tree of well-drained sites.” 

I wish to record my objections to these statements, as the 
flowers of T. alabamensis are large, much like those of T. glabra, 








248 BULLETIN OF THE TORREY CLUB [VOL. 54 


the leaves are broad and short, not long and narrow, and the trees 
do not grow in swamps or low ground, but along shaded creeks and 
river banks in rich soil. 


ALABAMA: Boligee Swamp, Boligee, Ashe, August 1918, TYPE, A. Herb.; 
Boligee Swamp, Boligee, Ashe, October 22, 1923, A. Herb.; Greensboro, Miss 
Dew, 1924, A. Herb.; Greensboro, S. A. Dew, 1925, A. Herb.—OKLAHOMA: 
Page, Stevens 2669, September 18, 1913, U. of Ill. Herb.; Lenapah, Steven 2171, 
August 19, 1913, U. of Ill. Herb.—Arkansas: Mill Creek, Ashe, April 28, 
1924, A. Herb.; Walnut Tree, Ashe 22, September 20, 1925, A. Herb.; Wor- 
cester, Ashe 11, September 23, 1925, A. Herb.; Worcester, Ashe 11, September 
23, 1925, A. Herb.—Missouri: Greenwood, Bush 9594, September 10, 1921, 
D. Herb.; Greenwood, Bush 9594, September 10, 1921, U. of Ill. Herb.; Green- 
wood, Bush 9594 A, September 10, 1921, U. of Ill. Herb.; Greenwood, Bush 
9798, June 23, 1922, U. of Ill. Herb.; Greenwood, Bush 9798, June 23, 1922, 
U. of Ill. Herb.; Greenwood, Bush 9798, June 23, 1922, U. of Ill. Herb.; 
Greenwood, Bush 9798, June 23, 1922, D. Herb.; Greenwood, Bush 9798A, 
June 23, 1922, U. of Ill. Herb.; Greenwood, Bush 9798A, June 23, 1922, U. of 
Ill. Herb.: Dodson, Bush 9732, October 11, 1921, U. of Ill. Herb.; Galena, 
Palmer 10566, July 25, 1916, A. A. Herb.; Poplar Bluff, Palmer 6180, July 4, 
1914, A. A. Herb.; Monteer, Bush 9283, U. of Ill. Herb. 


11A. TILIA ALABAMENSIS OBLONGIFOLIA (Sargent) n. comb. 
T. floridana oblongifolia Sargent, Bot. Gaz. 66: 435. 1918.— 
Florida and Alabama to Louisiana, extreme southwestern Ar- 
kansas and northeastern Texas, if no misidentifications of speci- 
mens have been made, therein occupying nearly the same range 
as 7. floridana. The ovate-oblong leaves, the more prominent 
tufts of axillary hairs, the slender glabrous, reddish-brown branch- 
lets seem to separate it from floridana; but that it is a variety of 
T. alabamensis, | am not sure, and further observations and 
collections may prove that it is only a form of T. floridana. 

CourRTNEY, MIssourt. 
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The gametophytic development of certain ferns: Polypodium 
vulgare var. occidentale and Pellaea densa’ 


F. L. Pickett anp Lewis A. THAYER 


(WITH PLATES 15-17) 
POLYPODIUM VULGARE L. VAR. OCCIDENTALE HOOKER 


In following the gametophytic development of this fern, five 
cultures were grown on Knop’s solution, and two on soil ob- 
tained from Kamiak Butte. Two of the water cultures were kept 
in the laboratory; all others were kept in a shaded part of the 
greenhouse. Spores were obtained from fronds collected at 
Renton, Washington, in November, 1924. These were sown on 
December 3 and 4, 1924. 

When dry, the spores were bright yellow, reniform, 50-60 X 
30-40 microns, with walls 3-4 microns thick, including the pa- 
pillose protuberances which cover the surface. On the flattened 
side, the papillae are less conspicuous, and the total thickness 
of the wall is less. The spore probably breaks at this point 
upon germination (plate 15, fig. 1). The spores contained small 
oil globules, but no chlorophyll, but within six days after sowing, 
they showed a distinct green color, and the oil globules had in- 
creased in size and number. Germination was practically 100 
per cent perfect. On the seventh day, some of the spores showed 
the appearance of a short rhizoid (plate 15, fig. 2). A day or so 
later, the extine burst further, the intine protruded, and a cell 
was cut off (plate 15, fig. 3). This cell possesssed chloroplasts, 
but the rhizoids did not. 

Growth and cell division continued in the same plane until a 
protonema-like structure of four (occasionally but three) cells 
was produced (plate 15, figs. 4-6). The second cell from the 
spore then divided parallel to the long axis of the prothallium 
(plate 15, fig. 6). Similar divisions quickly followed in the third 
and fourth cells (plate 15, figs, 7, 8). Division in the third cell 
occasionally preceded division in the second. The cell next to 
the spore usually remained undivided, but not always (plate 15, 
fig. 9). In the cultures in the green house, where the light was 


' Contribution No. 7 from the Department of Botany of the State College 
of Washington. 
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less intense than in the laboratory, the protonema-like chain was 
prolonged more or less, even up to thirteen or fourteen cells 
(plate 16, figs. 5, 16). 

One or both of the cells produced from the terminal cell then 
divided, forming a cell wall either from the outer wall to the 
median wall, or from the outer wall to the transverse wall (plate 
15, figs. 9. 10). If the division in one of the cells occured as in 
figure 12 (plate 15), from the median wall to the transverse wall, 
a more symmetrical type of prothallium resulted (plate 15, fig, 
13). Such forms were not uncommon, and in later stages were 
not to be distinguished from the prothallia produced by the first 
method. Similar divisions frequently occurred in the daughter 
cells arising from the third cell of the prothallium, and sometimes 
in the second. 

Usually but one of the daughter cells arising from the terminal 
cell became active (plate 15, figs. 11, 14-17). Within a short 
time the inactive cell often cut off a small hyaline cell on the 
outer corner (plate 15, fig. 15), the first of the projections, 
trichomes, which occurred at intervals around the margin in the 
mature prothallium. No one definite apical cell was found, 
growth being by means of a meristematic group (plate 15, figs. 
16, 17; (plate 16, fig. 2), All of the cells of the prothallium re- 
tained the power of tangential division. A sinus shortly became 
evident in some of the prothallia (plate 16, figs. 1, 2), but not in 
others (plate 16, fig. 8). The former eventually developed into 
the cordate shape shown in figure 3 (plate 16); the latter into the 
spatulate shape shown in figures 7, 11 (plate 16). The water 
cultures in the reduced light of the greenhouse tended to produce 
the latter type almost exclusively. In both, as the drawings 
show, the first three cells of the prothallium, or the few cells de- 
rived from them, remained easily distinguishable. 

Apparently the Knop’s solution did not furnish a normal 
medium for growth: many odd forms were produced (plate 16, 
figs. 4-6 12, 16); and neither antheridia nor archegonia were 
produced in these cultures. 

About the second week in March, all of the prothallia on the 
soil cultures began to produce antheridia (plate 16, figs. 9, 15, 
20); the development of the latter being as described by Atkinson 
(1, p. 17), and Campbell (2, pp. 314-318) (plate 16, figs. 10, 17, 
21, 22). Antheridia were produced as long as the culture was 
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under observation, up to the third week in May. At first the 
cells near the spore were involved, then the cells farther and 
farther out produced antheridia, until finally the cells in the 
wings, well beyond the sinus, also bore them. A large number of 
the cells bore two antheridia each (plate 16, fig. 14) 

Within from seven to ten days after the antheridia appeared, 
archegonia began to appear on the cordate prothallia just behind 
the sinus. They were club-shaped, only slightly curved, and 
were similar in their development to those described by Atkinson 
(1, pp. 12-15), and Campbell (2, pp. 318-319) (plate 16, figs. 
13, 18, 19). As many as fifteen archegonia were produced on a 
single prothallium, but only one sporophyte was observed to 
develop. The cushion was limited to the area immediately be- 
neath the archegonia, and was but three or four cells thick at 
the most. 

By April 29, minute fronds had appeared which grew nor- 
mally until about July 15, when the cultures were allowed to dry 
up. They remained dry until about the first of October, when 
they were watered again. The fronds and prothallia revived 
and apparently resumed normal growth. Repeated dryings 
finally killed them. 


PELLAEA DENSA (BRACK.) HOOKER 


Spores were obtained from specimens collected July 18, 1925, 
on peridotite ledges in Van Epp’s Pass (Wenatchee Mountains) 
by Dr. Harold St. John, and were sown on two saucers of ster- 
ilized soil. The spores were colorless, nearly round, 45-55 X 40- 
50 microns with unevenly ridged surfaces (plate 17, fig. 1). 

The cultures were started on November 5, 1925, but germ- 
inated very slowly, requiring from two to three weeks before 
showing green. Development was quite similar to that in 
Polypodium vulgare var. occidentale (plate 17, figs. 2-4), except 
that fewer odd forms were produced (plate 17, figs. 8, 9). 

By December 8 in most cases, each prothallium began to 
develop a sinus. For a time the two lobes developed unequally 
(plate 17, figs. 4-6), but eventually nearly all became symmetrical 
(plate 17, fig. 11). Most of the prothallia assumed a cordate 
shape, although a few remained spatulate (plate 17, fig. 7). The 
latter were all male prothallia (plate 17, fig. 18); not all male 
prothallia were spatulate, however. 
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About January 20, antheridia and archegonia appeared al- 
most simulteneously, but on separate prothallia. In the main, 
their development followed the method outlined by Atkinson 
(1, pp. 12-15, 17) and Campbell (2, pp. 314-319) (plate 17, figs. 
15-17; 10, 12, 14). As the antheridium matured, the cap cell 
seemed to split into quarters, opening a four-sided pore in the 
middle (plate 17, fig. 15). By January 25, swimming sperms 
were very numerous, and were produced continuously thereafter 
up to May 26, when the last observation was made. The arche- 
gonial prothallia of Pellaea densa differed from those of Poly- 
podium vulgare var. occidentale, in that in the latter the cushion 
was exceedingly thin—but two to four cells thick—and was very 
limited in extent. In Pellaea densa, however, the archegonial 
cushion was large and conspicuous, and the egg cell was located 
well within the cushion (plate 17, fig. 14). As the archegonium 
reached maturity, the egg and canal cells turned dark brown and 
became very conspicuous, making drawing without sections com- 
paratively easy. 

By February 15, the first leaves of the sporophytes had begun 
to make their appearance. By April 17, when the second leaves 
began to appear, the first frond had attained a diameter of 4-5 
mm., and a height of about 1 cm. 

On May 25 an archegonial prothallium was found without a 
sporophyte, in which the cushion had resumed active growth, 
producing a new prothallium; but the regenerated tissued pro- 
duced antheridia instead of archegonia. Antheridia were found 
even among the old archegonia (plate 17, fig. 13). In the drawing 
the egg cells are represented by small stippled ovals. The 
thickness of the cushion prevented the drawing of all of the cells 
Another prothallium was seen with a similar regenerated area, 
but it was producing only new archegonia. 

The behavior of Pellaea densa, in thus producing sporophytes 
by the normal sexual method, was rather surprising, inasmuch 
as the production of apogamous sporophytes is reported for 
several other members of the genus, viz., (P. adiantoides J. Sm. 
(9, 10); P. atropurpurea (L.) Link (4, 8); P. atropurpurea cristata 
Trelease (10, 11); P. flavens (Sw.) C. Chr. (12, 13); P. glabella 
Mett. (7); P. hastata L. (11); P. nivea (Poir.) Prantl (5); P. 
tenera (Gill.) Prantl (12, 13); and P. virides (Forksk.) Prantl (10). 


In an effort to induce apogamous embryos, one of the cultures 
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was allowed to become dry a number of times. Although a con- 
siderable number of prothallia were examined, no evidence of 
apogamous embryos was found. Those prothallia which had not 
developed sporophytes by May 25 were still producing sex organs 
abundantly. On May 12, about fifty archegonia of various ages 
were counted in the low power field (diameter, 1.7 mm.) of the 
microscope, which did not include all of the cushion. Antheridia 
were even more numerous, between fifty and sixty having been 
counted in the high power field (0.39 mm. in diameter). Living 
sperms were seen on May 12, and again on May 25. 

Pellaea densa has been transferred by Diels (3) to Crypto- 
gramma, and has recently been renamed Chetlanthes siliquosa, 
by Maxon (6) on the ground that, though it is not a typical 
Cheilanthes, still its natural affinity is more with that group than 
with the other Pellaeas. Maxon’s disposition is temporary, 
pending a more careful study of this species and some others, 
which he suggests may be better segregated in a new genus. 
However that may be, the segregation of Pellaea densa with its 
normal sexual development, from a genus in which an apogamous 
origin of the sporophyte seems to be the usual thing, seems quite 
logical. 
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Explanation of plates 


All figures are from camera lucida drawings made with a Spencer micro- 
scope. 
PLATE 15 
POLYPODIUM VULGARE VAR. OCCIDENTALE 


1. Aspore. X 336. 

2. A germinating spore with rhizoid. XX 248. 

3. A germinating spore with rhizoid and germ tube. X 248. 

4. A germinating spore with two prothallial cells. X 248. 

5. A germinating spore with three prothallial cells. X 248. 

6. A germinating spore with four cells in a protonema-like chain, the 
second cell being divided longitudinally. X 248. 

7. A young prothallium with longitudinal divisions in the second and 
third cells. X 248. 

8. A young prothallium with longitudinal divisions in the second, third 
and fourth cells. X 248. 

g. A young prothallium with longitudinal divisions in all four cells—a 
less common form than those of 7 and 8. The first cell wall in the daughter 
cells arising from the end ‘protonema’ cell formed. This is the most common 
direction of this first division. X 84. 

10. A young prothallium illustrating the less common method of cell 
wall formation from the outer wall to the transverse wall. X 84. 

11. A normal young prothallium resulting from the development of but 
one of the daughter cells from the end ‘protonema’ cell. X 84. 

12. A young prothallium with the unusual method of cell wall formation 
from the median wall to the transverse wall. X 84. 

13. The symmetrical type of prothallium resulting from such a form as is 
shown in 12. X 84. 

14. A young prothallium. X 84. 

15. A young prothallium with the first trichome formed. X 84. 

16, 17. Stages in the development of the normal prothallium. Both 
X 84. 

PLATE 16 
POLYPODIUM VULGARE VAR. OCCIDENTALE 


1. A young prothallium showing the appearance of the sinus. X 84. 
2. An older prothallium with the sinus further developed. X 62. 
3. A normal cordate prothallium. X 62. 
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4, 5, 6, 12, 16. Odd forms of prothallia produced in Knop’s solution in 
the weak light of the greenhouse. All X 62. 

7, 8, 11. Spatulate prothallia of the type which produced antheridia 
only. All X 62. 

g. A cordate prothallium bearing antheridia. X 62. 

10. A longitudinal section through a young antheridium. X 248. 

13. The neck of an opened archegonium showing the lid-like cap cell. 
x 248. 

14. A portion of a prothallium, showing some of the cells bearing two 
antheridia each. X 62. 

15. A spatulate prothallium with antheridia. X 62. 

17. An opened antheridium, showing the pore. XX 248. 

18. An archegonium almost mature, but unopened. X 248. 

19. A cross-section of the neck of an archegonium. X 248. 

20. A protonema-like prothallium bearing antheridia. X 62. 

21. A longitudinal section through an antheridium. X 248. 

22. A longitudinal section through the pore of an opened antheridium. 
X 248. 

PLATE 17 


PELLAEA DENSA 
. Aspore. X 336. 
, 3, 4. Young prothallia. All x 62. 
, 6. Cordate prothallia with unequal wings. Both X 62. 
. A spatulate prothallium. X 62. 

8. A prothallium showing a sinus, but with one wing undeveloped. X 62. 

g. An odd form, showing regeneration of the prothallium from a single 
cell. X 62. 

o. A group of immature archegonia. X 138. 

11. An immature prothallium illustrating the mature shape. X 62. 

12. A cross-section of the neck of an archegonium. X 138. 

13. Tissue formed by the regeneration of cells in the cushion of an old 
prothallium, the new tissue bearing antheridia. The egg cells of the old 
archegonia are represented by the small stippled ovals. X 62. 

14. A longitudinal section of an opened archegonium. The stippled area 
represents the portion which is dark brown in the fresh material, and which 
makes the archegonia so conspicuous. X 138. 

15. An opening antheridium, showing how the cap cell splits to form the 
pore. Seen from above. X 248. 

16. An unopened antheridium as seen from above, showing the cap cell. 
X 248. 

17. A group of unopened antheridia in longitudinal section. X 248. 

18. A small antheridial prothallium. X 62. 


. 


“Nu N om 





BL 





ietlindieiatiin adeentiensien aad ae 











BULLETIN TORREY CLUB 


1 <G29- 2 


VOLUME 54, PLATE 15 


“— 
ey eign. 


ee Q"* 
Comets a,°? 5 
EVO ey ise > 
(ace oe *? $ \ F 
Se Uy Si K/ A ] 
7 al | N\ ag 
) ) ae ae 
/ } 
\ > » 2 s a y § 
4 aA Ps Pe ad \ ~ 
VAL s a a) “ ” il 
x / \ Cy ~~ 
Y~ ~ i. 
5 \ < \ 
{ } | 
P 4 —~ mm 
\ 6 7 ~ 
i ~y 
\ aneane 
\ ‘s Y ~ 
x Ri, R hes ) F: 
._" - f >, 
z } \ 
q r i, 
. JS . ¥ ) 
. ~~ ——~ \ x } x 
‘ . < / A a ¥ 
8 bs 9/ 10 
{ a 4 See, | { 
A \ L \ 
) a 
a \ F po s y P ll 
/ Y’ 
a y 4 
AF f \ cS 5 
> = a] a { — \ - —— J 
Se: ie er ; 
\ >} ae ; \| \ — | 
ae NK. bX 
12 p+ >» }} + } 41 
A. [| | 4 . 
: t t U | / } ~ a 
— 13 - { TA ie. Y 
My BF = BF" oe 
<n i i. yi ’ ¥ — 
\ kb ® A 
<J . (ACTH var 
s —_—. c “4 ie” wP Ad: y r , 
y a 7 oe \ a7, / 
~.. \ X \~ \ | j 5 
4 ie \ \— —“ 
f % ~ 
~~ es | A —, 
{ Hn en 
i. A t » 
\ \ pages . / sf. 
14 \ \ 15 YY 16 / 17 Y 
J f . y — j 
Y _ 
* ine. j m4 
‘ a oe X } a 
¢ ; yy 
A é es ee i \ 
_- / \ 
, ; // ‘ 
L i 
U 


POLYPODIUM VULGARE VAR. OCCIDENTALE 


Pitts TAC on” 





BUI 
13 
19, 

















BULLETIN TORREY CLUB VOLUME 54, PLATE 16 





S < 
¥ iy + 
‘ —_) Poe 
es 
Y «rs 
t \+*>>4 Z 
Ly J 
4 ~ i h SS 
V4 [ 7 
OOy Y 
( 
‘ od 
4 
Ly 
| § 
. 
a 
4 
\ 4 ? >. 
G Qe 
7 s 9 2 
y “ AKA 7) 
- . y Ww 4 Tr 
| “A a \ 
~ f a & ay 
\ acon 
; x ( eee « 
aw = ¢ 
< s ‘. > 
4 * 
y 6 i. bat TY 
\ LL ~< Uv rf 


Soto as , 
1 mock y 
3 14 Youse- | . 
yY } IS) 
L \ TOIL Ss% T ‘ 
_ yoy <j 
¢ Y ms ie — 1 so 
‘ ~~ 
ww | TOOLS 
. , 7 ; j R A . 
19 ; , 4 : f 
_ i 20 ; <4 21. \ 22 a \ 
i, T kgF? a 


POLYPODIUM VULGARE VAR. OCCIDENTALE 


“ 


6 5 Netto 5 ont el 


a) 














ee An Se oe emt, eRe 











eM = ee Sc eS Sa eer oe + 





eRe se rae ea 


VOLUME 54, PLATE 17 


BULLETIN TORREY CLUB 











PELLAEA DENSA 








OO ee 


ee me eee 











Cc = 


en 


pa 


of 
al 
V 


sp 


Wi 
de 
ne 
(L 
M 


sti 
in 
in 


an 
Is 


Ne 
pre 


an 
pla 





A new Sagittaria from Florida: 
Sagittaria Kurziana 


Huco GLi'ck 


The new species was found on two automobile trips with Dr. 
Herman Kurz to Wakulla County, in northwestern Florida, on 
March 11 and 22, 1926. Two localities for it are the so-called 
Upper and Lower Bridges of the Wakulla River. A _ third 
station for it was the St. Marks River at Newport. Both 
streams unite somewhat below St. Marks, from where they 
empty into the Gulf of Mexico. All localities for it are in forests 
characterized by cypress (7axodium distichum) and cabbage 
palm (Sabal Palmetto). 

At the first locality the plant forms the dominant vegetation 
of the clear running water between the two bridges referred to 
above, as is easily seen. Lesser associates of the Sagitiaria are 
Vallisneria americana, Ceratophyllum demersum and Potamogeton 
spp. Since this Sagiitaria has apparently not been described, 
I shall name it after Dr. Herman Kurz, professor of botany in 
the Florida State College for Women, who took me to the locality. 

The original work on the genus Sagitiaria and Lophotocarpus 
was published by Jared G. Smith.' The later authors? who 
dealt with this family added little new to Smith’s work. The 
new species about to be described is a near relative of S. subulata 
(L.) Buchenau and S. lorata (Chapm.) Buchenau (= S. natans 
Michx.).* 

S. Kurziana forms a rhizome in the substratum of the 
stream which consists of a large number of white subterranean 
internodes ranging from 19.5—32 cm. in length and 2-4.2 mm. 
in diameter. From the nodes rise 5~15 strap-like leaves, which 

' Jared G. Smith. A revision of the North American species of Sagitlaria 
and Lophotocarpus. Ann. Rep. Missouri Bot. Garden 6: 27-64. pl. 1-29. 
1895. 

2 John K. Small. Alismaceae. North American Flora 17: 43-62. 1909. 


John K. Small. Flora of the Southeastern United States. 2d ed. 
New York, 1913. 
>It should be noted that the American S. natans Michx. would be more 
properly called S. lorata (Chapm.) Buchenau, since the S. natans Pallas is 
an arctic plant of the Old World, and must not be confused with the American 


plant. 
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are described as phyllodia by American botanists. From a 
morphological standpoint, these leaves should be designated as 
primary leaves, which correspond to the submerged leaves of 
other Alismaceae and those of many other water plants.’ The 
leaves have the extraordinary length of (60) 90-164 cm. and 
a diameter of (4) 7.5-15.5 mm. Some plants found in the St. 
Marks River at Newport were even twice as long, as we shall 
presently see. The phyllodia taper gradually toward the tip, 
and are broadest above the middle. They are marked by three 
(rarely five) prominent ridge-like nerves; only on narrow leaves 
are the lateral veins inconspicuous. 

The cross-section of a medium-sized leaf shows the following. 
The main nerve consists of three bundles in a vertical row, of 
which the middle one is the largest. The margin is thickened. 
The two prominent nerves and the margin contain only one 
nerve. The section contains about 40 oval or round air channels 
which are surrounded with thick parenchyma. The section 
shows many droplets of milky juice. The phyllodia of S. 
lorata, on the other hand, are thickened in the middle and taper 
gradually to a thin margin. Then, too, the leaves contain five 
bundles, which never form ridges as in the case of S. Kurziana. 
Also there are about 25 air channels which are either square or 
polygonal, and which are surrounded by only one layer of paren- 
chymatous cells. The leaves are relatively soft and show in* 
cross-section no milky juice. 

The solitary flowering scapes are also floating and 100-142 
cm. long, or even 250 cm., as in the case of the Newport locality. 
The scape is thickest below the inflorescence, where it attains a 
diameter of 3-4 mm., whence it tapers toward the base to a 
thickness of 1.2-2 mm. The whole inflorescence itself is about 
27-48 cm. long; it is simple and consists of whorls of three, or 
one finds in the lower whorl instead of a flower a branch of vary- 
ing length; only once was it noticed that the lowermost whorl 
contained two branches and one flower. In the branched in- 
florescence one often finds the lowermost whorl in twos. Ap- 
parently in such cases the second flower is not developed. 


* Concerning the prevalence of the primary leaves and their significance 
for the higher water plants, see H. Gliick: Morphologische und biologische 
Untersuchungen tiber Wasser und Sumpfgewiichse. Vol. I-IV. 1905-1924. 
(Gustav Fischer’s Verlag in Jena.) 
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The simple inflorescence, or each branch, is divided into 
4-9 internodes which are 0.8-17 cm. long and 1-3 mm. thick. 
The coalescent bracts are 1.1-3.6 cm. long and more or less 
persistent. 

The lowest whorl contains sometimes three female flowers, 
sometimes two female flowers and one male. The next to the 
lowest contains as a rule only male flowers or rarely one male 
and two female flowers, or vice versa. All remaining flowers 
are male. The pedicels of the female flowers run from 5-15.3 
(rarely 25.5) cm. long, and are 1.5-2.8 mm.thick. After flowering 
the pedicels recurve. The female flower is about 18 mm. wide; 
the petals are pure white and short clawed. The sepals are 
broadly ovate and about one half as long as the nearly round 
petals. The head of the carpels is about 4.5 mm. thick. The 
carpels are oval and the style points obliquely upwards. The 
stigmatic surface is oblique with reference to the style, and is 
covered with forward pointing pellucid papillae. Mature fruits 
are up to the present unknown, but the half ripe carpels show 
a more or less irregular crest and some isolated tubercles in the 
sides. 

The pedicels of the male flowers are 4—12.5 cm. long and 0.5- 
1.2mm. thick. The flower is 17-25 mm. wide. The three sepals 
are oval, dark green and herbaceous, and one half to one third 
as long as the petals. The number of the stamens ranges from 
8-13. The filaments are glabrous and distinctly enlarged; they 
are as long as, or longer than, the anthers. In the second locality 
at Newport I was able to obtain nothing but a few plants which 
had been torn from the bottom of the river. Five rootstocks 
had 8-9 strap-like leaves with a length of 240-334 cm. and a 
width of only 4-8 mm. These, however, were marked with 
only one prominent middle nerve, only a few showing three 
distinctly raised nerves. But the margins were thickened as 
in the case of the Wakulla plant. In regard to the tapering, 
cross-section, the distribution of air channels, bundles and 
milky juice of the leaves, no difference was noted. Among the 
floating leaves two flowering scapes were found; one had lost 
its inflorescence but was nevertheless 234 cm. long. If we 
allow 30 cm. for the inflorescence we can estimate the total 
length of the scape to be about 260 cm. From the measurements 
obtained from this locality the writer believes S. Kurziana to 
be the longest species in America. 
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Further Sagittarta Kurziana is, as far as I know, the largest 
Sagittarta of the whole world! And the only form among the 
whole genus which approaches it in shape and size is the sub- 
merged and strap-like-leaved form of the European S. sagittifolia 
(= S.s. forma vallisneriifolia Cossonet Germain) which grows in 
deep and running water of the Rhine valley. Its leaves become 
110-216 cm. long and (12)17—-25 mm. broad, and the scapes 
become 152-204 cm. long. Further, see my former account of 
this interesting plant.® 

Finally, the differences between S. Kurziana and S. lorata 
(Chapm.) Buchenau (= S. natans Michx.) might be summarized: 

1. The leaf of S. Kurziana may be three times the length 
of that of S. lorata. 

2. The leaf of S. Kurziana always shows 1-5 prominent 
ridge-like nerves on its under side and thickened margins, 
while S. lorata has a smooth leaf surface which tapers gradually 
to a thin margin. The leaf of S. Kurziana is relatively firm; 
that of S. lorata is soft. The cross section of S. Kurziana shows 
small round or oval air channels; S. lorata on the contrary shows 
large square or polygonal air channels. The leaf of S. Kurziana 
contains milky juice while S. lorata does not. 

3. The inflorescence of S. Kurziana is often branched; that 
of S. lorata never. The axis of the inflorescence and also its 
branches have 4-8 whorls; while S. lorata produces only one or 
a few whorls. The flowering scapes of S. Kurziana are gradually 
thickened upwards; in S. lorata they are of uniform thickness. 

4. The bracts of S. Kurziana are 1.1-—3.6 cm. long and often 
persistent; those of S. lorata are only a few millimeters long and 
ephemeral. 

5. The flowers of S. Kurziana are always larger than those 
of S. lorata. 

6. The number of stamens for S. Kurziana is 8-13; for S. 
lorata it is 7-8. 

7. The writer would point out that S. Kurziana is not to be 
confused with ecological varieties of S. lorata. S. subulata 
gracillima (Wats.) Smith® is a deep water form of S. lorata, 


> H. Gliick, op. cit., vol. I, p. 210 and 216, pl. VII, fig. 42. And in addi- 
tion, H. Gliick, Alismaceae in Kirchner, Low and Schréter ‘‘ Lebensgeschichte 
der Bliitenpflanzen Mittel-Europas,”’ p. 622 and fig. 355. 

®J. G. Smith op. cit., p. 45. 
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whose leaves are 60-120 cm. long, only 2 mm. broad, and in- 
distinctly 1-nerved. Likewise, S. natans lorata Chapman’ can 
be ruled out, because its strap-like leaves are described as nerve- 
less. To the writer this form is a juvenile state of S. lorata 
without floating leaves. 

In conclusion the author would like to note that the new 
plant should be studied more in detail, especially the fruit 
formation and the adaptation to different environments. 


TALLAHASSE, FLORIDA, MARCH, 1926. 


SUPPLEMENT 


The printing of my article on Sagittaria Kurziana has been 
delayed rather long and therefore I am in a position to add some 
further observations: 

I succeeded in transporting a number of root-stocks of Sagit- 
taria Kurziana to the hot-house of the Heidelberg botanic 
garden.’ I put these shoots in water 15-25 cm. deep in order to 
test if Sagittaria Kurziana could produce floating leaves like 
S.lorata or not. Between May 20, 1926, and February 28, 1927, 
the whole plant vegetated but remained small in all parts, and 
sterile, without forming floating leaves. One shoot bore 4-8 
submerged leaves which were (4)8—32 cm. long, and 3.4-7.5 mm. 
broad; the internodes of the runners between two shoots were 
5.2-8.2 cm. long and 1-1.3 mm. thick. Tubers also were not 
produced. Thus I have further demonstrated that Sagittaria 
Kurziana never represents an unusual submerged form of S. 
lorata. The latter turns immediately into forms with swimming 
leaves if the conditions are appropriately changed. 

HEIDELBERG, GERMANY, MARCH, 1927. 

7A. W. Chapman. Flora of the Southern United States. 3d ed. 474. 
13897. 

* I should like to say that Professor True of the University of Pennsyl- 
vania had the kindness to keep for me for some time in his hot-house in 
Philadelphia a number of plants which I sent him during my last excursion 
in North America. And one day before I sailed from New York I took the 


. . oe | . - . 
material from Philadelphia and I transported it to Germany as quickly as 
possible. 
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1 Au 1926. 


Goldring, W. New Upper Devonian plant material. New 
York. S. Mus. Bull. 267: 85-87. illust. Ap 1926. 


Gomez, E. T. ‘Blight of gabi’’ (Phytophthora colocasiae Rac.) 
in the Philippines. Philipp. Agr. Rev. 18: 560-561. pl. 
88. O-D 1925. (Philippine Is. Bur. Agr. Circ. 169.) 


Green, F. The precipitin reaction in relation to grafting. 
Genetics 11: 73-82. ‘“‘Ja’’ 16 Jl 1926. 


Gregory, C. T. Some twig enemies. Nat. Mag. 8: 84-88. 
illust. Au 1926. 


Grier, N. M. Comparative regeneration of spinescence in 
Opuntia and Agave. Am. Bot. 32: 94-96. Jl 1926. 


Guillot, F. M. Enfermedades de las aves de corral su diagnos- 
tico y su tratamiento. Rev. Agr. Puerto Rico 16: 285-293. 
Je 1926. 


Hall, R. P., & Powell, W. N. Notes on technique and its associ- 
ated kinetic elements in euglenoid flagellates. Trans. Am. 
Micros. Soc. 45: 256-257. Jl 1926. 


Hansford, C. G. The Fusaria of Jamaica. Kew Bull. Misc. 
Inf. 1926: 257-288. Jl 1926. 


Hardy, F. The water relations of Citrus trees. Trop. Agri- 
culture 3: 152-153. Jl 1926. 


Harms, H. Beitrage zur Kenntnis amerikanischer Cucurbita- 
ceen. II. Repert. Spec. Nov. Reg. Veg. 22: 339-343. 15 
Jl 1926. 


Harrison, T. J. Plant physiology in relation to agronomy. Sci. 
Agr. 6: 380-382. Jl 1926. 
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Harshberger, J. W. The desert vegetation of the southwest. 
Jour. N. Y. Bot. Gard. 27: 163-164. Jl 1926. 


Abstract of a lecture. 


Harvey, R. B., & Regeimbal, L.O. A conductivity cell for con- 
tinuous measurements of respiratory rate. Plant Physiol. 
1: 205-206. f. 71. Ap 1926. 


Haskin, L. L. Love-apples and nightshade. Nat. Mag. 8: 
33-35. tlust. Jl 1926. 


Heald, F. D., & Sprague, R. A spot-rot of apples in storage 
caused by Botrytis. Phytopathology 16: 485-488. ff. 1. 
15 Jl 1926. 


Hein,I. Changes in plastids in variegated plants. Bull. Torrey 
Club 53: 411-418. pl. 17. “Je” 10 Jl 1926. 


Henderson, L. B. Floral anatomy of several species of Plan- 
tago. Am. Jour. Bot. 13: 397-405. pl. 35. 20 Jl. 1926. 


Henrard, J. T. A critical revision of the genus Aristida. 
Meded. Van Rijks Herb. 54: i—vili, 1-220. illust. 15 Je 
1926. 

Many species described as new. 


Henry, A., & McIntyre, M. The swamp cypresses, Glypto- 
strobus of China, and Taxodium of America, with notes on 


allied genera. Proc. Roy. Irish Acad. 37B: 90-116. pl. 
1-&. 19 My 1926. 


Hesler, L. R. Peach disease conditions in Ohio. Ohio Agr. 
Exp. Sta. Bi-Mo. Bull. 11: 110-114. My-Je 1926. 


Hitchcock, A. S. Eragrostis hypnoides and E. reptans. Rho- 
dora 28: 113-115. 22 Jl 1926. 


Hofmann, F. W. Hybrid vigor in cow peas. Jour. Hered. 17: 
209-211. f. 1, 2. 3 Au 1926. 


Hollick, A. A historical review of the study of fossil plants. 
Jour. N. Y. Bot. Gard. 27: 177-180. Au 1926. 


Abstract of a lecture. 


Holm, T. The bulbiferous form of Luzula multiflora. Rhodora 
28: 133-138. f. 1-3. “‘Au’” 8 S 1926. 








272 BULLETIN OF THE TORREY CLUB [VOL. 54 


Holm, T. Saururus cernuus L. a morphological study. Am, 
Jour. Sci. V, 12: 162-168. f. 1-5. Au 1926. 


Howitt, J. E., & Evans, W.G. Preliminary report of some ob- 
servations on ascospore discharge and dispersal of conidia of 
Venturia inaequalis (Cooke) Winter. Phytopathology 16: 
559-563. 15 Au 1926. 

Howland, R.S. Why not bamboo? Am. For. & For. Life 32: 
461-463; 512. «lust. Au 1926. 


Hutchins, L. M. Studies on the oxygen-supplying power of the 
soil together with quantitative observations on the oxygen- 
supplying power requisite for seed germination. Plant 
Physiol. 1: 95-150. f. 1-19. April 1926. 


Hutchinson, W. I. The devil’s pitchfork. Nat. Mag. 8: 56. 
tllust. Jl 1926. 

An incense cedar at the junction of Bubbs Creek and fork of Kings River 
in the Sequoia National Forest. 

Jenkins, M. T. A second gene producing golden plant color in 
maize. Am. Nat. 60: 484-488. S-—O 1926. 

Jensen, J. Variations in colors of flowers. Science II, 64: 
120. 30 Jl 1926. 

Johnson, J., Slagg, C. M., & Murwin, H. F. The brown root 
rot of tobacco and other plants. U.S. Dept. Agr. Bull. 
1410: 1-30. f. 1-20. Jl 1926. 

Jones, F. R. Resistance of peas to rootrot. Phytopathology 
16: 459-465. 15 Jl 1926. 

Jones, J. S., & Mitchell, G. A. The cause and control of yellow 


berry in Turkey wheat grown under dry-farming conditions. 
Jour. Agr. Res. 33: 281-292. f. 1-8. 1 Au 1926. 


Jones, J. W. Germination of rice seeds as affected by temper- 
ature, fungicides, and age. Jour. Am. Soc. Agron. 18: 
576-592. Jl 1926. 


Jordahn, A. C. Queen’s wreath—one of Florida's lovely vines. 
Gard. Chron. Am. 30: 171. Je 1926. 


Petraea volubilis. 


Juliano, J. B. Origin, development and nature of the stony 
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layer of the coconut (Cocos nucifera Linnaeus). Philipp. 
Jour. Sci. 30: 187-200. pl. 1-3. Je 1926. 


Jurica, H.S. Opportunities for field study in the Chicago area. 
Proc. Illinois Acad. Sci. 18: 184-192. illust. ‘‘1925’’ 1926. 


Karling, J. S. Nuclear and cell division in Nitella and Chara. 
Bull. Torrey Club 53: 319-380. f. 1-6 + pl. 10-13. 
“Je” 10 Jl 1926. 

Kendall, A. C. Under the ferns. Bryologist 29: 46-47. Jl 
1926. 

Killip, E.P. Tetrastylis, a genus of Passifloraceae. Jour. Wash. 
Acad. Sci. 16: 365-369. 19 Jl 1926. 

T. lobata, described as new species. 

Klages, K. H. Metrical attributes and the physiology of hardy 
varieties of winter wheat. Jour. Am. Soc. Agron. 18: 529- 
566. f. 1-8. Jl 1926. 


Krumbhaar, G. D. Euphrasia Oakesii in Hamilton Inlet, 
Labrador. Rhodora 28: 131-132. 22 Jl 1926. 


Lacroix, D. S. Cranberry flower-bud investigations. Jour. 
Agr. Res. 33: 355-363. f. 1-4. 15 Au 1926. 


Lampman, B. H. Plants that catch live prey. Nat. Mag. 8: 
110. tllust. Au 1926. 

Leach, J. G., & Gilbert, H.C. Diseases of head lettuce in Min- 
nesota. Minnesota Univ. Agr. Ext. Div. Spec. Bull. 106: 
1-10. tllust. Mr 1926. 


Lehman, S. G., & Wolf, F. A. Pythium root rot of soy bean. 
Jour. Agr. Res. 33: 375-380. f. 7, 2. 15 Au 1926. 


Lehman, S. G., & Wolf, F. A. Soy-bean Anthracnose. Jour. 
Agr. Res. 33: 381-390. f. 1-3. 15 Au 1926. 

Leighty, C. E., Sando, W. J., & Taylor, J. W. Intergeneric 
hybrids in Aegilops, Triticum and Secale. Jour. Agr. Res. 
33: 101-141. f. 1-18. 16 Jl 1926. 

Leon, H. Excursion botanica a la Costa sur de Baracoa. Mem. 
Soc. Cubana Hist. Nat. ‘Felipe Poey’’ 7: 20-40. pl. 1, 2. 
1926. 
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Leukel, R. W., Dickson, J. G., & Johnson, A. G. Seed treat- 
ment experiments for controlling stripe disease of barley. 
Phytopathology 16: 565-576. 15 Au 1926. 


Lewis, F. J. The vegetation and retrogressive changes of peat 
areas (“‘muskegs’’) in central Alberta. Jour. Ecology 14: 
317-341. f. 1-6 + pl. 6-10. Au 1926. 


Linford, M. B. Black-leaf of peas caused by Fusicladium pisi- 
cola n.sp. Phytopathology 16: 549-559. pl. 26, 27. 15 
Au 1926. 


Loesener, T. Beitrage zur Kenntnis der Flora von Central- 
Amerika (einschliesslich Mexiko) III. Bot. Jahr. 60: 345- 
374. 1 Au 1926. 


Lofthouse, T. A. Plant hunting in the Sierra Nevada. Garden 
Illust. 48: 310-311; 328-329; 361-362; 390-391; 598-599; 
614-615. tllust. 29 My; 5, 19 Je; 3 Jl; 2, 9, O 1926. 


Lohnis, F., & Leonard, L. T. Inoculation of legumes and non- 
legumes with nitrogen-fixing and other bacteria. U. S. 
Dept. Agr. Farmers Bull. 1496: 1-28. f. 1-19. Au 1926. 


Lomanitz, S. A study of physiological balance for alfalfa in so- 
lution cultures. Soil Sci. 22: 97-106. f. 1-5 + pl. z. Au 
1926. 


Lombard, L. H. The wall-flower. Am. Bot. 32: 109-110. Jl 
1926. 


Longyear, B.O. The nature of decay in wood. Colorado Agr. 
Exp. Sta. Bull. 307: 1-58. f. 7-5. Mr 1926. 


x 


Loomis, W. E. A study of the clearing of alcoholic plant ex- 
tracts. Plant Physiol. 1: 179-189. Ap 1926. 

Lyon, H. L. Exotic trees in Hawaii. Hawaiian Pl. Rec. 30: 
349-353. tllust. Jl 1926. 


McCool, M. M., & Romaine, J. P. Some soil and plant re- 
lationships. Soil Sci. 22: 31-34. Jl 1926. 


MacDougal, D. T. Growth and permeability of century-old 
cells. Am. Nat. 60: 393-415. f. 1-5. S—O 1926. 
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McDougall, W. B. Lichens and symbiosis. Proc. Illinois 
Acad. Sci. 18: 161-164. ‘‘1925”" 1926. 


MacFadden, F. A. A trip to the new Denver glacier. © Bry- 
ologist 29: 40-42. ‘JI’ 20 Au 1926. 


McLarty, H. R. Witches’ broom of potatoes. Sci. Agr. 6: 
395. tllust. Jl 1926. 


Mangelsdorf, P. C. The genetics and morphology of some en- 
dosperm characters in Maize. Connecticut Agr. Exp. Sta. 
Bull. 279: 513-614. f. 51-76 + pl. 21-26. Je 1926. 


Maria, H. A. Las Ranunculaceaes Colombianas. Bol. Soc. 
Colombiana Ci. Nat. 15: 60-75. Ap-—My 1926. 


Marquez, S. L. Fiji disease of sugar cane. Philipp. Agr. Rev. 
18: 573-574. O-D 1925. (Philippine Is. Bur. Agr. Circ. 
174.) : 

Marquez, S. L. Leaf blight of corn (caused by Helmintho- 
sporium inconspicuum Cke. et Ell.). Philipp. Agr. Rev. 18: 
571-572. O-D 1925. (Philippine Is. Bur. Agr. Cifc. 173.) 


Marquez, S. L. Sugar-cane smut (caused by Ustilago sacchari 
Rabenhorst). Philipp. Agr. Rev. 18: 562-563, .O-D 1925. 
(Philippine Is. Bur. Agr. Circ. 170.) 


‘ Byeacy 
Martin, W. H. Apple scab studies in 1925. Proc. New Jersey 
S. Hort. Soc. 51: 71-85. ‘‘1925"’ 1926. 


Massey, L. M. Fusarium rot of Gladiolus corms. Phyto- 
pathology 16: 509-524. f. 1-3 + pl. 25. 15 Au 1926. 


Melhus, I. E., Erwin, A. T., & Haltern, F. van. Cabbage yel- 
lows, caused by Fusarium conglutinans, in lowa. Iowa 
Agr. Exp. Sta. Bull. 235: 187-216. illust. Je 1926. 


Mellor, E. M. The countries our drugs come from. XVIII. 
Barbados, the Leeward islands, the Windward islands. 
Pharm. Jour. 116 (IV, 62): 662-664. 26 Je 1926. 


Merrill, E. D. An efficient and economical herbarium paste. 
Torreya 26: 63-65. 11 Au 1926. 


Merrill, E. D. Hugh Cuming’s letters to Sir William J. Hooker. 
Philipp. Jour. Sci. 30: 153-186. pl. r. Je 1926. 
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Merrill, G. K. Dooryard lichenology. Maine Nat. 6: 29-32. 
Mr 1926. 


Miller, J. W. Eight generations of selection within a clone of 
Helminthosporium sativum. Am. Nat. 60: 340-343. f. 1. 
Jl-Au 1926. 


Mol, W. E. de. Heteroploidy and somatic variation in the 
Dutch flowermmg bulbs. Am. Nat. 60: 334-339. Jl-Au 
1926. 

Molz, F. J. Astudy of suction force by the simplified method. I. 
Effect of external factors. II. Periodic variations and the 
influence of habitat. Am. Jour. Bot. 13: 433-463; 465-501. 
f. 1-3. 20 Jl; 15 O 1926. 


Monteith, J. |Jr.] The brown-patch disease of turf; its nature 
and control. Bull. U.S. Golf Assoc. Green Sect. 6: 127-142. 
illust. Je 1926. 


Moore, S. A new species of Flourensia from Argentina. Jour. 
Bot. 64: 191-192. Jl 1926. 

F. grindelioides. 

Morris, V. H., & Welton, F. A. The importance of clearing the 
hydrolyzed solution in the determination of acid-hydrolyz- 
able carbohydrates in green plant tissue. Jour. Agr. Res. 
33: 195-199. 15 JI 1926. 

Murrill, W. A. From Rio to Petropolis. Torreya 26: 61-62. 
11 Au 1926. 

Newhall, A. G. The importance of controlling celery blight in 
the seedbed. Phytopathology 16: 467-472. f. z. 15 Jl 
1926. 

Nixon, E. L. Fire blight. Pennsylvania Agr. Exp. Sta. Bull. 
203: 1-22. f. 1-16. Je 1926. 


Noe, A. C. The fossil flora of northern Illinois. Proc. Illinois 
Acad. Sci. 18: 206-207. ‘‘1925"’ 1926. 


Norton, A. H. Edward Blanchard Chamberlain. Maine Nat. 
5: 100-105. port. 1926. 
Born 24 Jl 1878. Died 2 F 1925. 


Noyes, J. Extension of Missouri Botanical Garden to Gray 
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™“s 


Summit. Parks and Recreation 9: 595-598. illust. Jl-Au 
1926. 


Osborn, H. F. The problem of the origin of species as it ap- 
peared to Darwin in 1859 and as it appears to us today. 
Nature 118: 270-273. 21 Au 1926. 


Patel, M. K. An improved method of isolating Pseudomonas 
tumefaciens Sm. and Town. Phytopathology 16: 577. 15 
Au 1926. 


Peattie, D. C. Lamarck; a neglected genius. Nat. Mag. 8: 
109-110. tllusi. Au 1926. 


Peattie, D. C. The tramp with the golden crown. Nat. Mag. 
8: 23-24. illust. Jl 1926. 
The dandelion. 

Peattie, D. C. What is a common name? Am. Bot. 32: I11- 
113. Jl 1926. 


Pellett, F. C. A plant new to the United States. Science II, 
63: 637. 25 Je 1926. 
Zygophyllum fabago. 


Pemberton, C. C. Twining firs. Are the lordly firs degener- 
ating into mere climbers? Am. For. & For. Life 32: 521- 
523. tlust. S 1926. 


Pennell, F. W. Allophyton mexicanum. Addisonia 11: 13-14. 
pl. 359. “Mr” 30 Je 1926. 

Native of eastern Mexico. 

Petery, W. von. Investigation in regard to weed seeds found 
among the seeds of Argentina, with reference to their origin 
and distribution in the producing district of Argentina. 
Int. Rev. Sci. & Prac. Agr. n.s. 3: 1163-1171. O-D 1925. 


Phillips, J. Biology of the flowers, fruits and young regenera- 
tion of Olinia cymosa Thunb. (‘‘Hard pear’’). Ecology 7: 
338-350. “Jl 4 Au 1926. 

Porter, R.H. A preliminary report of surveys for plant diseases 
in east China. U.S. Dept. Agr. Pl. Dis. Rept. Suppl. 46: 
153-166. tllust. 1 Je 1926. 


Prescott, A. Spring flowers. Am. Bot. 32: 105-107. Jl 1926. 
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Priest, S. B. The Indian pipe. Am. Bot. 32: 110-111. Jl 
1926. 


Monotropa uniflora. 


Ranker, E. R. Some physiological considerations of the ‘‘De- 
licious’”’ apple with special reference to the problem of al- 
ternate bearing. Am. Jour. Bot. 13: 406-426. 20 Jl 1926, 


Record, S. J. The Editor visits Central America. Trop. 
Woods. 7: 1-3. 1S 1926. 


Record, S. J., & Kuylen, H. Trees of the lower Rio Motagua 


valley, Guatemala. Trop. Woods 7: 10-29. 1 S 1926. 


Rendle, A. B. The need for precision in botanical terminology. 
Nature 118: 103-104. 17 Jl 1926. 


Reynolds, E. S. Nutritional studies on Fusarium lini. Plant 
Physiol. 1: 151-164. f. 7-3. Ap 1926. 


Roberts, R. H. Apple physiology; growth, composition, and 
fruiting responses in apple trees. Wisconsin Agr. Exp. Sta. 
Res. Bull. 68: 1-72. f. 1-24. My 1926. 


Roldan, E. F. Bacterial wilt of marigold of Amarilla. Philipp. 
Agr. 15: 37-40. illust. Je 1926. 


Rosa, J. T. Mutations in the sweet potato. Jour. Hered. 17: 
167-168. f. 3. “My” 7 Jl 1926. 


Rose, J. N. Graptopetalum Bartramii. Addisonia 11: 1-2 
pl. 353. “Mr” 30 Je 1926. 


Native of Arizona. 


Rosen, H. R. Morphological notes together with some ultra- 
filtration experiments on the crown-gall pathogene, Bac- 
terium tumefaciens. Mycologia 18: 193-205. pl. 24, 25. 
1S 1926. 


Rusby, H. H. Tropical American plants at home—V. The 
climbing Bignoniads. Jour. N. Y. Bot. Gard. 27: 169-173. 
Au 1926. 


Sanford, G. B. Some factors affecting the pathogenicity of Ac- 
tinomyces scabies. Phytopathology 16: 525-547. f. I-}. 
15 Au 1926. 
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Sax, K. Quantitative inheritance in Phaseolus. Jour. Agr. 
Res. 33: 349-354. 15 Au 1926. 


Schaffner, J. H. The change of opposite to alternate phyl- 
lotaxy and repeated rejuvenations in hemp by means of 
changed photoperiodicity. Ecology 7: 315-325. f. I. 
“Jl" 4 Au 1926. 

Schlechter, R. Das System der Orchidaceen. Notizb. Bot. 
Gart. Berlin 9: 563-591. 22 Jl 1926. 


Schmoe, F. How nature rotates her tree crops. Am. For. & 
For. Life 32: 472-473. lust. Au 1926. 


Scott, F. M. Notes on the flora of the Miocene of the Tesla 
region, California. Bull. Torrey Club 53: 403-410. pl. 16. 
“Je” 10 Jl 1926. 

Sears, P. B., & Metcalf, E. The behavior of pollen starch in a 
Geranium and its bud sport. Jour. Genetics 17: 33-42. 
f. I-3. 20 Au 1926. 


Semmens, E.S. Some further notes on the hydrolysis of starch 
grains under polarized light. Plant Physiol. 1: 201-204. 
pl. 8. Ap 1926. 


Serrano, F. B. Banana diseases in the Philippines. Philipp. 
Agr. Rev. 18: 578-582. pl. 93-95. O-D 1925. (Philip- 
pine Is. Bur. Agr. Circ. 176.) 


Sheldon, H. H. Polarized light and plants. Preliminary re- 
search traces an apparent connection between moonlight 
and plant growth. Sci. Am. 135: 10-11. dllust. Jl 1926. 


Shull, C. A. Citation of literature. Plant Physiol. 1: 206-207. 
Ap 1926. 

Shull, C. A. Phosphorus and the early maturity of plants. 
Proc. Illinois Acad. Sci. 18: 165-171. f. 7. “‘1925"" 1926. 


Small, J. K. A new catchfly from the southeastern states. 
Torreya 26: 65-67. allust. 11 Au 1926. 
Silene Wherryi. 

Smith, E. F., & Quirk, A. J. A Begonia immune to-crowngall; 
with observations on other immune or semi-immune plants. 
Phytopathology 16: 491-508. f. 1-5. 15 Au 1926. 
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Smith, G. M. The plankton algae of the Okoboji region 
Trans. Am. Micr. Soc. 45: 156-233. lust. Jl 1926. 


Stadler, L. J. The variability of crossing over in Maize. 
Genetics 11: 1-37. f. 1-6. “Ja” 16 Jl 1926. 


Standley, P.C. New species of trees collected in Guatemala and 
British Honduras by Samuel J. Record. Trop Woods 7: 
4-9. 158 1926. 


Stanton, T. R., Coffman, F. A., & Wiebe, G. A. Fatuoid or 
false wild forms in Fulghum and other oat varieties. Jour. 
Hered. 17: 153-166; 213-226. f.1-7. 7Jl;3 Au 1926. 


Stevens, N. E. Two species of Physalospora on Citrus and 
other hosts. Mycologia 18: 206-217. f. 7, 2. 1S 1926. 


Stout, A.B. Why are chestnuts self-fruitless? Jour. N. Y. Bot. 
Gard. 27: 154-158. f. 1. Jl 1926. 


Svihla, R. D., & Svihla, A. Notes on Buxbaumia aphylla Haller. 
Bryologist 29: 36-37. “JI 20 Au 1926. 


Taylor, N. Notes on the plant life of the DuVal Trail, from 
Brandon, Vermont to the Long Trail on the Green Moun- 
tains. 1-8. Green Mountain Club, 1926. 


Tehon, L.R. Outstanding features of the plant disease situation 
in Illinois during 1924. Proc. Illinois S. Acad. Sci. 18: 150- 
160. ‘“‘1925"’ 1926. 


Tehon, L. R. Three alfalfa diseases new to Illinois. Proc. II- 
linois S. Acad. Sci. 18: 203-205. ‘‘1925"’ 1926. 
Peronospora trifoliorum, Macrosporium medicaginis and Pleosphaerulina 
brisosiana. 


Teodoro, N. G. Coconut diseases and their control. Philipp. 
Agr. Rev. 18: 585-592. pl.g7-1or. O-D 1925. (Philip- 
pine Is. Bur. Agr. Circ. 179.) 


Teodoro, N. G. Phytopathology; its fundamental principles. 
Philipp. Agr. Rev. 18: 325-371. f. 8-32 + pl. 40-69. 
O-D 1925. 


Teodoro, N.G. Rubber tree diseases and their control. Philipp. 
Agr. Rev. 19: 63-73. Ja-Ap 1926. 








1927] INDEX TO AMERICAN BOTANICAL LITERATURE 281 


Teodoro, N. G., & Otanes, F.G. Philippine literature index of 
plant pests and diseases. I. Philipp. Agr. Rev. 18: 593- 
602. O-D 1925. 


Theriot, I. Mexican mosses collected by Brother Arséne 
Brouard. Smithsonian Misc. Coll. 78: 1-29. f. I-10. 
15 Je 1926. 
Species in Aongstroemia, Campylopus, Fissidens, Bryum and Prionodon, 
described as new. 


Thompson, W. P. Chromosome behavior in triploid wheat 
hybrids. Jour. Genetics 17: 43-48. f. 7-8. 20 Au 1926. 


Tisdale, W. B., & Kelley, J. G. A Phytophthora disease of to- 
bacco. Florida Agr. Exp. Sta. Bull. 179: 159-219. f. 88 
114. My 1926. 


Tisdale, W. H. Copper carbonate prevents bunt (stinking 
smut) of wheat. U.S. Dept. Agr. Circ. 394: 1-10. f. 1-6. 
Jl 1926. 


Tottingham, W. E., Lepkovsky, S., Schulz, E. R., & Link, K. P. 
Climatic effects in the metabolism of the sugar beet. Jour. 
Agr. Res. 33: 59-76. f. 1-9. 1 Jl 1926. 


Trelease, W. Agave Ekmani, n. sp. Repert. Spec. Nov. Reg. 
Veg. 22: 374. 15 Jl 1926. 
From Cuba. 

Turgano, H. M. Leaf crystals in Ficus and other genera. 
Philipp. Agr. 15: 41-48. Je 1926. 


Urban, I. Sertum antillanum. III. Repert. Spec. Nov. Reg. 
Veg. 14: 331-343. 30 Je 1916; IV. 15: 98-112. 31 D 1917; 
V.15:156-171. 31 My 1918; VI. 15: 305-323. 31 D 1918; 
VII. 15: 397-415. 31 Mr IgI9. 

Many species and combinations from the West Indies, described as new. 

Urban, I. Sertum antillanum. IX. Repert. Spec. Nov. Reg. 
Veg. 16: 132-151. 15 N Igi9g. 


Many species and combinations from the West Indies, described as new. 
Urban, I. Sertum antillanum. XII. Repert. Spec. Nov. Reg. 
Veg. 17: 156-170. 1921; XIII. 17: 402-408. 1921; XIV. 
18: 17-26. 31 My 1922; XV. 18: 113-122. 15 Au 1922; 
XVI. 18: 187-199. 15 O 1922; XVII. 18: 363-375. 31 D 
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1922; XVIII. 19: 1-9. 1 Mr 1923; XIX. 19: 298-308. 
20 F 1924. 
Many species and combinations from the West Indies, described as new. 
Urban, I. Sertum antillanum. XXI. Repert. Spec. Nov. Reg. 
Veg. 20: 337-352. 31 D 1924; XXII. 21: 53-75. 25 Mr 
1925; XXIII. 21: 213-230. pl. 7. 20 Jl 1925; XXIV. 22: 
35-48. 30 N 1925; XXV. 22: 83-93. 31 D 1925; XXVI. 
22: 222-241. 15 Je 1926; XXVII. 22: 355-372. 15 Jl 1926. 


Many species and combinations from the West Indies, described as new. 


VanName, W. G. Redwood Mountain Sequoia grove. Nat. 
Mag. 8: 107-108. ailust. Au 1926. 


Walker, B. Amateurs and science. Am. Bot. 32: 114-115. 
Jl 1926. 


Walker, M. N. A comparative study of the mosaic diseases of 
cucumber, tomato, and Physalis. Phytopathology 16: 
431-458. 15 Jl 1926. 


Wallace, R. H. The production of intumescences upon apple 
twigs by ethylene gas. Bull. Torrey Club 53: 385-402. 
pl. 14-15. “Je” 10 Jl 1926. 


Waterman, W.G. Ecological problems from the sphagnum bogs 
of Illinois. Ecology 7: 255-272. f. 1-5. “Jl 4 Au 1926. 


Weatherby, C. A. . A new North American variety of Cystopteris 
fragilis. Rhodora 28: 129-131. 22 Jl 1926. 


Weatherby, C. A. On Solidago rigida L., and the application of 
old botanical names. Rhodora 28: 138-145. “Au” 8 S 
1926. 


Weatherwax, P. Persistence of the antipodal tissue in the de- 
velopment of the seed of Maize. Bull. Torrey Club 53: 
381-384. f. 1-6. “Je” 10 Jl 1926. 


Weedon, A. G. Some Florida fungi. Mycologia 18: 218-223. 
f.1,2+ pl. 26. 1S 1926. 


Two genera, Exophoma and Macrophomopsis, and several species, de- 
scribed as new. 


Weller, D. M. Progress report of sugar cane pollen studies. 
Hawaiian Pl. Rec. 30: 400-414. illust. Jl 1926. 
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Wherry, E. T., & Buchanan, R. Composition of the ash of 
Spanish-moss. Ecology 7: 303-306. ‘“‘Jl’’ 4 Au 1926. 


Whetzel, H. H. North American species of Sclerotinia—l. 
Mycologia. 18: 224-235. f. 1+ pl. 27-29. 1S 1926. 


White, O. E. The forests of the Rio Beni Basin of Bolivia. 
Cornell For. 6: 16-20. My 1926. 


Williams, R. S. Jsothecium occidentale (Sull. & Lesq.) comb. 
nov. Bryologist 29: 48. “JI 20 Au 1926. 
Hypnum occidentale Sull. & Lesq. 

Williams, R.S. Peruvian mosses. Bryologist 29: 37-38. pl. 3. 
“JI” 20 Au 1926. 
Hygrodicranum Herrerai, described as new species. 

Wilson, O. The tree that gives the chocolate. Nat. Mag. 8: 
177-179. tllust. S 1926. 

Wimmer, F. E. Lobelioideae. III. Repert. Spec. Nov. Reg. 
Veg. 22: 193-218. pl. 31-33. 15 Je 1926. 

Wodehouse, R. P. Morphology of pollen grains in relation to 
plant classification. Jour. N. Y. Bot. Gard. 27: 145-154. 
f. 1-13. Jl 1926. 


Wolf, F. A. Leaf scorch disease of strawberries. No. Carolina 
Agr. Exp. Sta. Tech. Bull. 28: 1-15. pl. 1-7. Ap 1926. 


Wolf, F. A., & Lehman, S.G. Brown-spot disease of soy bean. 
Jour. Agr. Res. 33: 365-374. f. 1-9. 15 Au 1926. 


Wolf, F. A., & Lehman, S.G. Diseases of soy beans which occur 
both in North Carolina and the Orient. Jour. Agr. Res. 
33: 391-396. 15 Au 1926. 


Woodruff, L. L. The versatile Sir John Hill, M.D. Am. Nat. 
60: 417-442. port. S—O 1926. 

Yampolsky, C. The new preformationist doctrine. Genetica 
7: 507-516. 1925. 


Yoder, P. A. Rare cases of mosaic disease in highly resistant 
varieties of sugar cane. U.S. Dept. Agr. Circ. 392: I-7. 
Jl 1926. 
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Zahlbruckner, A. Chilenische flechten gesammelt van C. Skotts- 
berg. Act. Hort. Gothenburg 2: 1-26. 1926. 


Zeller, S. M. Cankers of apple and pear in Oregon and their 
control. Oregon Agr. Exp. Sta. Circ. 73: 1-29. f. 1-28. 
Ap 1926. 


Zeller, S. M. Observations on infections of apple and prune 
roots by Armillaria mellea Vahl. Phytopathology 16: 479- 


484. f. 1-3. 15 Jl 1926. 





